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PREFACE TO THE SECOND EDITION 


T he decade of the 1930’s was the most productive period in the 
history of vertebrate paleontology. Many new discoveries were 
made; more important, however, is the fact that research on both 
these new materials and on older types was pursued in a much more in¬ 
tensive fashion than ever before. Our views of vertebrate evolution have 
broadened in scope and deepened in perspective. As a result, the original 
text of this volume had gradually become outmoded and inadequate in 
many respects, and I was glad when the publishers suggested that the work 
be revised. 

Certain general and introductory sections and those on groups in which 
advances in knowledge have been relatively small remain much as before 
although with minor changes throughout; about half the text, however, has 
been re-written. 'Jliree chapters have been added, presenting a summary 
of vertebrate faunal history, and the previously short systematic appendix 
has been expanded into the form of a comprehensive list of fossil genera. 
The illustrations remain much as in the first edition, although a number 
have been revised or replaced and a modest number of new figures have been 
added. 

I am indebted to a considerable number of friends and colleagues for aid 
and advice. Dr. W. K. Gregory, who had already aided greatly in the 
preparation of the original text, has read and criticized much of the discus¬ 
sion of fishes in the present edition. Dr. D. II. Dunkle has aided in the 
classification of the arthrodires and discussion of other early fishes. Dr. T. S. 
Westoll has offered valuable criticisms of the account of the bony fishes 
and has aided greatly in the arrangement of the lower actinopterygians. I 
am indebted to Drs. H. B. Bigelow and W. C. Schroeder for access to the 
manuscript of their forthcoming work on sharks and to the former for 
profitable discussions of shark classification. Dr. L. R. David criticized 
helpfully the data on teleosts; I wish to emphasize that she is not responsible 
for the use here of a classification of teleosts differing in some respects from 
that followed by many American ichthyologists. Dr. J. T. Gregory allowed 
me the use of the manuscript of his work on Trilophosaurus^ and Drs. E. C. 
Case and E. H. Sellards were kind enough to forward data regarding this 
reptile; in addition, the latter supplied me with a print of Dr. Sawin’s 
restoration of Buettneria, Dr. R, S. Lull has criticized the account of the 
dinosaurs, and Mr. K. P. Schmidt has aided in the systematics of the 
“modern” reptile orders. I have profited by a discussion of reptile phylogeny 
with Dr. C. L. Camp. Dr. L. H. Miller has read the material dealing with 
birds. 

I had hoped to profit again from Dr. G, G. Simpson’s criticism of the 
mammal chapters. This was impossible, owing to his engagement in the 
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military services; a partial recompense lay in his giving me access to the 
manuscript of his new work on the classification of mammals, which afforded 
a number of stimulating suggestions. I availed myself of the opportunity to 
check numerous genera, as I had comj)i]ed them, against his lists, particu¬ 
larly in the case of various Paleocene and South American forms, and I have 
adopted almost entirely his welcome simplification of proboscidean tax¬ 
onomy. Dr. R. A. Stirton has made a number of helpful criticisms of the 
mammalian chapters and made available to me his unpublished work on 
palaeomerycids. Dr. V. L. Vanderlloof read the sections on carnivores and 
sirenians. I am grateful to Dr. E. 11. Colbert for criticism of the chapter on 
the Cenozoic and for interesting discussions on the evolution of artiodactyls. 
Dr. R. Kellogg aided in revision of the chapter on whales. 

Dr. P. E. Raymond offered helpful criticisms of the earlier text. Dr. Tilly 
Edinger read and criticized much of the text. Throughout the preparation 
of the work I have been greatly and constantly aided by Miss Nelda E. 
Wright. 

Alfred Sherwood Romer 
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CHAPTER 1 


INTRODUCTORY 


T he present work gives a brief account of the history of vertebrates 
as revealed in the fossil record. We shall find it difficult, however, to 
confine ourselves strictly to fossil animals, for our subject is inti¬ 
mately related to many other scientific fields. 

Vertebrate paleontology is essentially a biological science. To the paleon¬ 
tologist the animals of the present constitute but a brief cross-section of the 
vertebrate story. To him a separation of fossils from the modern forms which 
have descended from extinct types and are destined to become the fossils 
of the future would seem extremely artificial. Paleontology has much to 
learn from many other biological fields and much to give in return. With 
anatomy and evolutionary studies the connections are particularly close, 
while not only the taxonomist and ecologist but even workers in such seem¬ 
ingly remote fields as physiology and medicine may benefit from the pos¬ 
session of a historical background. 

Paleontology is also intimately connected with the history of the earth 
itself, the field of historical geology. In the study of fossil human types the 
field of the vertebrate paleontologist ovcrlai)s that of the anthropologist. 
And, finally, the study of vertebrate evolution is history of a sort—but a 
kistory written in terms of millions of years rather than decades or cen¬ 
turies. 

Since it is probable that this book will fall into the hands of readers with 
varied backgrounds, this opening chapter is devoted to a number of topics 
which may well be omitted by those grounded in the fundamentals of bi¬ 
ology. 

Vertebrate fossils. —But few of the countless individual animals of 
the past have been preserved to us as fossils. When a land animal dies today, 
its remains are usually scattered and destroyed by flesh-eaters or disinte¬ 
grated by plant roots, soil acids, and bacterial action. Similar conditions, 
no doubt, were present in the past. 

More exceptionally and more fortunately, a dead animal may be buried 
deep in a deposit of mud or sand, where the soft parts will usually quickly 
rot away but where the skeleton will be left surrounded by a gradually 
hardening matrix. The bony matter may persist and become gradually 
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altered into a complex type of mineral in which much of the original con¬ 
stituents of the bone remain. Meanwhile, the cavities are, in the course of 
time, filled by minerals brought in in solution, so that the originally porous 
bone becomes a heavy, solid structure. But since the mineral matter filling 
the cavities is usually of a different nature from that into which the sub¬ 
stance of the bone has been transformed, fossil bones, when sectioned and 
studied microscopically, usually show in perfect fashion the structural de¬ 
tails of the original. 

The softer portions of the body are sometimes, although much more rarely, 
preserved. Certain forms recently extinct, such as the dodo or the giant moas 
of New Zealand, may be considered as fossils of a sort, although their bones 
are usually but little altered chemically; in these cases feathers, ligaments, 
and other soft parts have been preserved. In America gigantic ground sloths 
are entirely extinct, and many of their remains are perfectly orthodox 
fossils; but in several instances skeletons have been found with patches of 
skin and hair still adherent. Extinct mammoths have been completely pre¬ 
served in natural “cold storage” in the Siberian tundras, while woolly 
rhinoceroses have been found pickled in entirety in a waxy material from 
a Galician oil seep. 

But even among much more ancient forms traces of soft parts are occa¬ 
sionally found. Specimens crushed flat in shales have in many cases pre¬ 
served the outline of the skin. Certain dinosaurs appear to have been mum¬ 
mified before burial, so that the surrounding material, hardening before the 
disintegration of the skin, has left a cast of the mummy. In Bavarian litho¬ 
graphic limestone deposits, impressions are sometimes preserved of such 
delicate structures as feathers. In some small ancient amphibians the out¬ 
lines of the stomach and intestine are visible; while in specimens of a De¬ 
vonian shark, remains of the muscles are so perfectly preserved that indi¬ 
vidual fibers and their cross-striations are seen under the microscope. 

We may gain much information concerning fossil forms in other ways. 
Footprints are often found in the now solidified mud flats of former periods. 
Eggshells pertaining to various groups—birds, turtles, skates, dinosaurs— 
have been discovered; and series of growth stages are known in some 
forms. Much information can be gathered concerning the food habits of 
extinct animals, aside from the knowledge afforded by the teeth and skeleton. 
Remains of the bones of devoured animals have been found in the position 
of the stomach; “gizzard stones” have been discovered lying within the 
skeletons of several reptilian types. Tooth marks tell us of the fate of the 
animal whose bones bear them. Feces, the remains of digestion, known 
as coprolites in the fossil state, are frequently encountered. Wounds and 
diseased conditions may be discerned on the bones of fossils. Even though 
actual remains of such structures as blood vessels, nerves, brains, and muscles 
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are almost never found, a study of the skeleton gives us much information 
concerning them. 

Evolutionary theories and phenomena. —In considering many curious 
and widely divergent animals adapted to a great variety of modes of life, 
it is impossible to avoid speculation as to the processes through which 
their evolutionary development was accomplished. This subject cannot be 
adequately discussed here, but we shall mention a few of the chief problems 
involved and the theories brought forward for their solution. 

All animals are well fitted for the lives they lead (although sometimes, it 
is true, the fit does not seem to be a perfect one). We also find, in almost 
every case where fossil ancestors are known, that these animals have de¬ 
scended with many modifications in structure from forms seemingly less 
well adapted to their present modes of life. How have these changes come 
about? 

Occasionally we find a statement of this type: “The giraffe, descended 
from short-necked ancestors, has acquired a long neck because it is useful 
to him in browsing off the higher branches of the trees.’’ It is true that the 
long neck is of use to the giraffe, but the citation of a useful result does not 
in itself explain the nature of the process by which the result was obtained. 
The statement given would suggest either that some power outside the 
giraffe brought about the change with a useful end in view or that the giraffe 
had thought the matter over and brought about the change through his 
own volition. The first suggestion immediately takes us outside the realm 
of scientific thought; the second seems obviously absurd, although certain 
theorists have suggested the existence of some vague “vital force,” a mys¬ 
terious inner “urge,” which has driven animals on toward an evolutionary 
goal. 

A much more plausible suggestion is that which may be applied under the 
theory of the inheritance of acquired characters, or the effect of the use and 
disuse of parts, advocated more than a century ago by the French naturalist, 
Lamarck. It might be that the individual giraffe, by constantly stretching 
after the foliage on the higher branches, tended to increase the length of his 
neck during life and that this increase was transmitted to his offspring; 
a cumulation of such individual lengthenings was supposed to have resulted 
in the development of a long-necked from a short-necked form. This type 
of theory is plausible at first sight; but there is no evidence, despite repeated 
experiments, that changes taking place in the body of an individual during 
his lifetime produce any similar effect in his offspring. 

A much sounder theory to explain evolutionary changes, and one which 
first brought about general belief in evolution, was that advocated by Dar¬ 
win three-quarters of a century ago. The Darwinian theory pointe out that 
no two animals are exactly alike and that, to cite the giraffe again, a form 
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with a neck slightly longer than the average would, especially in times of 
famine, have a better chance of survival than a shorter-necked form. This 
selective process would tend, Darwin believed, to the gradual development 
of the long neck. 

Darwin assumed the presence in nature of individual variations which 
were inherited. Modern experimental work has done much to clear up this 
situation. It is now known that many individual differences are due to the 
influence of the environment and are not passed on to descendants and that 
most other individual characters do not mark the appearance of new fea¬ 
tures but are merely the result of varied combinations of characters already 
present in the species. Under such circumstances, all selection could do 
would be to sort out the best of the existing factors. Beyond this the evolu¬ 
tionary process could not go, were it not that occasionally there occur muta¬ 
tions—definite changes in the germ cells which give rise to the next genera¬ 
tion—produced seemingly without relation to the needs of the animal 
and making definite, although usually small, changes in the structure of the 
descendants. Though mainly injurious and hence quickly weeded out, an 
occasional favorable mutation would offer new material for the selective 
process to work upon; a ‘‘chance” mutation increasing the length of a giraffe's 
neck without other unfavorable accompanying features might tend to be 
bred into the race. Such an evolutionary process would obviously be slow 
in action. But even such a comparatively modern animal as a giraffe has 
had millions of years at its disposal. 

In many groups of fossils it would seem that there has been no such 
‘‘indecision” as the theory just outlined would suggest; groups once started 
along an evolutionary line have seemingly kept straight on toward a “goal” 
without deviation. Because of this, there has been built up a theory of ortho¬ 
genesis, or “straight-line” evolution. But the apparent absence of side 
branches may be due to the fact that they were nipped in the bud; selection 
alone might have resulted in an advance in the single direction of greatest 
adaptive value. Much seeming orthogenesis may thus be explained through 
mutation and selection. There are still, however, many puzzling facts; and 
we are far from a complete and satisfactory solution to all of our problems 
of vertebrate evolution. 

Both living and extinct vertebrates show many cases of wide evolutionary 
divergence within a group, parallel evolutionary tendencies in related 
forms, and close convergence in adaptive features in unrelated types. Com¬ 
petition within an animal group encourages divergent adaptations toward 
varied modes of life and produces an adaptive radiation. A striking example 
is the radiation of the Australian marsupials, which presumably began at 
the dawn of the Tertiary. The kangaroo and the Tasmanian wolf are unlike 
in all adaptive characters; but basically both are clearly derivable from a 
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primitive type not unlike the opossum and are members of the same 
order. 

The adaptive radiation of a number of groups tends to result in con¬ 
vergence in evolution—the attainment of similar adaptations by two or more 
unrelated types. The Tasmanian wolf is similar in many features to the true 
wolves of other continents; the pouched Australian wombat is similar to a 
woodchuck. But these resemblances do not at all imply relationships; they 
are merely the taking-on of similar structural features necessary for survival 
in similar modes of life. 

A very different phenomenon is that of parallelism—the tendency for two 
or more closely related types to undergo similar structural changes. Several 
types of extinct South African mammal-like reptiles had a secondary palate 
like that of mammals. We are sure that this feature was not present in their 
common ancestor but that, with a similar ancestry and similar build, there 
has been a tendency for related forms to acquire similar structures—^to 
‘‘drift” in the same evolutionary direction. 

Taxonomy and classification.—Zoologists have found it necessary, 
in referring to living animals, to use a system of scientific names formed 
mainly from Greek and Latin roots, rather than variable popular terms. 
This necessity is even greater in the case of extinct forms for which no popu¬ 
lar names can well exist. Every animal bears a double name: the first, that of 
a genus, usually including a number of related forms; the second, that of the 
particular species of that group to which reference is made. Thus the domes¬ 
tic dog, together with the wolves and jackals, constitute the genus Canis. 
When referring to the dog, the specific name is added —Canis familiaris; 
the wolf, a close relative, is Canis lupus. This system is not unlike our human 
usage of proper names and surnames, only the order is reversed. 

Upon the genus and species as a base has been erected a system of classi¬ 
fication originally designed as a method of “pigeonholing” animals in larger 
and smaller groups according to the degree of resemblance between them. 
Thus, for example, the dogs are obviously fairly closely related to the foxes 
and to other doglike tropical forms; and these are all united in a family, 
the Canidae. This group, in turn, is somewhat more distantly related to the 
cats, bears, and other flesh-eaters; and all these forms are united in an order, 
the Carnivora. This great group, again, has many features (such as the 
nursing of young and the presence of hair) which tend to bind it with an 
array of forms ranging from men to bats and whales; all these are considered 
members of a common class, the Mammalia. These mammals have a number 
of characters (such as the possession of an internal skeleton) also present in 
birds, reptiles, amphibians, and fishes; and, in consequence, all are grouped 
together in a phylum, the Chordata, one of the primary subdivisions of the 
animal kingdom. The complete list of major terms used in such a classifica- 
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tion is thus: phylum, class, order, family, genus, and species. Further flexi¬ 
bility is often obtained by using prefixes to give such terms as subclass and 
superorder. 

Originally adopted merely as a convenient method of “sorting out” ani¬ 
mals, classification was put in a new light by the recognition of the evolu¬ 
tionary theory. Obviously these various taxonomic divisions represented, 
in a general way, the branches of the family tree. There has been a continual 
attempt to make classifications “natural,” to see that each group established 
—^whether genus, family, or higher division—should contain only forms 
descended from a common ancestor. 

With living types alone to consider, groups may be fairly easily established 
and defined. But with the continued discovery of intermediate fossil types, 

classification becomes increasing¬ 
ly difficult. The living Equidae 
(horses, asses, and zebras) can 
be easily distinguished from the 
related rhinoceroses by such 
characters as the presence of 
but a single toe on each foot 
and the absence of horns. But 
some of the earliest horses had 
three toes, as do the rhinocer¬ 
oses; and many of the early 
rhinoceroses were hornless. We 
cannot always give definitions 
which will hold true of all mem¬ 
bers of a group; we can merely 
cite the characters of typical 
members and build the groups 
about them. Tendencies, rather 
than the arrival at specific con¬ 
ditions, must be our criteria. 
Only a few late horses are actu¬ 
ally one-toed, but a trend in that direction was early evident; the ancestral 
rhinoceroses were hornless, but a tendency for the development of horns soon 
appeared in several independent lines. 

Two types of classification are possible—“vertical” and “horizontal” 
(Fig. 1), Under the first system each family or other unit comprises all 
members of a known line from its first beginnings to its end or to modern 
times; the cleavage between lines is carried down to the very base of the 
evolutionary tree. But when, for example, forms are discovered seemingly 
ancestral to two distinct families or closely related to both their inclusion 



Fig. 1. —Diagram to show the contrast between ‘Ver¬ 
tical” and “horizontal” classifications. A hypothetical 
family tree showing the descent of two living forms, A and 
B (horses and rhinoceroses, for example) from a common 
ancestral form, C; known forms are indicated by crosses. 
At the left, a vertical classification; the divisions between 
groups are carried as far down to the roots as possible. 
This makes dear the relation of early ancestors (A' J5') to 
their descendants but separates them sharply from C, the 
common ancestor, and other side branches, such as X>, to 
which they are closely related. At the right, a “horizontal” 
dassification, which unites all the similar early forms into 
a common ancestral group, C, but obscures the relation¬ 
ship of A' and B' to their descendants. 
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in one or the other seems improper. Under such circumstances the best 
solution seems to be a “horizontal” cleavage, the erection of a stem group, 
including the base from which the long-lived later families have been derived. 

The large number of taxonomic terms with which one must become 
familiar in the study of fossil vertebrates tends to dishearten the beginner. 
But it will soon be recognized that (except in cases where names of persons 
or localities have been utilized) these terms are mainly compounded from 
but a few-score simple and easily recognizable Greek and Latin roots and are 
based on some real or fancied characteristic of the form described. 

It is to be noted that, while considerable variation occurs in the formation 
of names of various larger groups, those of superfamilies usually end in -oidea^ 
those of families invariably end in -ido#, of subfamilies in -inae, all suffixed to 
the root of the name of a typical included genus, as Equoidea, horse-like 
forms; Equidae, horses; Equinae, modern horses; Equus, horse genus. 

Vertebrate structure. —Before we can adequately discuss the history 
of the varied vertebrate types, a basic knowledge of their anatomy is a 
necessity. We shall here briefly review some of the more essential structures 
of the primitive water-living vertebrates, the fishes, especially as regards 
the skeletal system. (The morphological features of higher vertebrates will 
be discussed later.) 

All vertebrates are bilaterally symmetrical animals, with the long axis of 
the body usually in a horizontal position and with a tendency for the con¬ 
centration of organs related to the environment at the anterior end. This 
type of symmetry appears to be an expression of the usually active life of 
vertebrates, as contrasted with the comparative immobility of those in¬ 
vertebrates possessing radial symmetry. In land animals the development of 
large limbs tends somewhat to mask the primitively simple arrangement, 
while a radical change in the position of the body axis occurs in man and 
other bipeds. 

Body form in fishes. —The ideal shape for a swimming vertebrate is that 
which engineers have approached in torpedoes and ship hulls as offering least 
resistance to the water—streamlined, with the maximum girth somewhat 
anterior to the middle. Actively swimming fish usually have this shape. Loco¬ 
motion in such forms is principally accomplished by lateral undulations of 
the trunk and tail, a series of curves traveling backward and pushing the 
fish forward through the water; paired fins are usually steering organs only. 
Sinuosity is sometimes exaggerated, giving e^l-like forms, usually degen¬ 
erate end-products of evolutionary lines; while bottom-living types are 
usually depressed, with broad fiiat bodies. 

Lying dorsally and ventrally along the main axis of the fish body are un¬ 
paired median fins consisting of a dorsal fin or fins projecting from the upper 
side of the body; a caudal fin, in the tail region; and an anal fin, lying behind 
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the anus (Fig. 2). Dorsal fins are usually one or two in number in primitive 
types; a single anal fin is common. There may be great variation in the way 
of fusion or subdivision of the dorsal fins and fusion of either anal or dorsals 
with the caudal. 

Two types of caudal fin are common in more primitive fish—the diphycer- 
cal and the heterocercal (Fig. 3). In the former the fleshy termination of the 
body containing the backbone runs straight out to the tip of the tail, and 
the fin is arranged symmetrically above and below it. In the heterocercal 
tail the body, containing the backbone, tips up posteriorly, and nearly all 
the development of the fin takes place beneath. In a few primitive fishes we 
find a reversal of this symmetry, the tip of the body tilting down and the 
fin erected above it—a reversed heterocercal type. The symmetrical diph- 
ycercal fin would seem logically to be the primitive type; the heterocercal, 
a specialized derivative. However, as we shall see, the latter is almost uni¬ 
versal in the earliest members 
of most fish groups; and it is not 
improbable that the diphycercal 
type is in reality derived from this. 

Notochord.—Vertebrates and 
their close relatives differ from 
the common invertebrate types 
in the possession of an internal 
skeleton for support and the 
facilitation of muscular movement. Among invertebrate types the skele¬ 
ton, when present, is an external one, covering the surface of the body. 
Such a skeleton was early developed by vertebrates and is present in many 
forms today, but some internal skeletal structures are always present in 
addition. Most primitive and earliest of such internal structures, we believe, 
was the notochord—a long, slim rod usually extending from the base of the 
skull down the back to the tail. Composed of a soft, jelly-like material 
surrounded by a tough sheath, it forms in primitive vertebrates a firm but 
flexible supporting structure. In some water-living vertebrates it may per¬ 
sist throughout life; in higher types it is supplanted by the backbone but 
is always present in the embryo. Containing no hard parts, it is never pre¬ 
served as a fossil. 

Cartilage and bone.—In addition to the notochord, all vertebrates have 
a skeletal system composed of cartilage or bone. The former is a compara¬ 
tively soft and translucent material, containing rounded cells and capable 
of growth by expansion. Ordinary cartilage is seldom preserved in fossil 
specimens, for it shrivels up and disintegrates easily upon exposure. In 
many fishes, however, calcium salts are laid down in the cartilage; and in this 
calcified condition it is a much firmer substance, capable of preservation. 


caudal 



pelvic-fins 
pectoral -fins 

Fig. 2.—Diagram to show the position of tlie medi¬ 
an and paired fins of fishes. 
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Bone is, in microscopic section, easily distinguishable from cartilage by the 
presence of irregularly branching cell spaces, the presence of larger cavities 
for blood vessels which penetrate it, and its frequent arrangement in layers 
of deposition. It consists of a fibrous matrix heavily impregnated with calci¬ 
um salts and forming a much stronger supporting material than cartilage. 
Unlike that substance, bone is incapable of expansion and can grow only 
by the addition of layers on its surface. In large bones the interior often 
contains a large marrow cavity as well as numerous smaller canals containing 
blood vessels and nerves. 

Cartilage is almost never found in the skin but, when present, is confined 
to the deeper layers of the body. In existing lower vertebrates (cyclostonies 
and sharklike fishes), caililagc alone is present in the main portion of the 


A C 



Fifj. 3.—Diagram of caudal-fin types. A, lleterocercal type, found in most sharks, primitive luiigfisli, 
and aolinopterygians and some early crossopterygians; B, diphycercal type, found in pleuracanth sharks 
and later lunghsh and crossopterygians; C, abbreviated heterocercal and D, the derived homocercal 
type, found in later actinopterygians. In D the enlarged haemal arches (k) are termed “hypurals.” C 
and D are undoubtedly derived from A, and so probably is B as well. (Modified from Goodrich, Fcrte” 
braia Craniata.) 

skeleton; hence these forms lack any superficial skeletal covering except for 
small toothlike structures (dermal denticles) found in the skin of sharks, and 
spines, occasionally present in these fishes. 

In the higher groups of vertebrates, bone is the predominating skeletal 
material; little cartilage remains in the adult. Two categories of bone luay 
be distinguished. The deeper portions of the skeleton are formed in the em¬ 
bryo in cartilage, just as in a shark or lamprey. As development proceeds, 
however, this cartilage is gradually destroyed and replaced by bone. Bone 
so formed is called “endochondral’^ or “cartilage-replacement” bone. Quite 
different in origin and development are dermal or membrane bones. These 
are never preceded in the embryo by cartilage and are, in contrast, superficial 
in origin, formed in the deeper layers of the skin. In fossil lower vertebrates 
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dermal bones often covered the body completely, commonly as large plates 
over the head and shoulder region and smaller scales over the trunk and 
tail. The dermal plates often tend to unite with replacement bones, especially 
in the head region; the human skull, for example, is a composite of bones 
having these different origins. 

In dermal bones and scales the deeper layers usually consist of character¬ 
istic bone, arranged in laminae; the middle portion in fishes presents a 
spongy appearance due to the presence of numerous blood vessels. The super¬ 
ficial layers vary greatly. Usually, however, bone cells are absent, and the 
material is a hard, compact tissue more or less comparable to the dentine 
which forms the main bulk of the teeth. The surface of fish scales and head 
plates is frequently finished by a layer of hard, shiny enamel, or enamel-like 
material, such as covers the teeth. Frequently the surface o^ the bony plates 
and scales of fishes shows an ornamentation of tubercles or ridges of dentine 
and enamel. These superficial structures seem comparable to the dermal 
denticles which are found in the skin of sharks and to the teeth which are 
present in jawe(^ vertebrates. The spines often present on the fins of lower 
fish groups are characteristically formed of dentine and enamel, or similar 
materials. 

Since the lowest of existing vertebrates are boneless, it has been, in the 
past, generally believed that the ancestral vertebrates were likewise carti¬ 
laginous forms and that the evolution of bone took place at a later stage in 
fish history. The presence of cartilage in the embryos of vertebrates which 
later acquired a bony skeleton was supposed to be a recapitulation of the 
phylogenetic history. But, as will be seen, all the oldest-known fishes pos¬ 
sessed bone; many groups show a decrease rather than an increase in the 
degree of ossification in their skeletons as we pass from older to younger 
members; sharks and other cartilaginous fishes appear relatively late in the 
fossil record. It thus appears probable that vertebrates acquired bone at a 
very early stage in their history, although cartilage (with the useful power 
of growth by expansion) may have been present throughout as an em¬ 
bryonic type of structure. Cartilaginous vertebrates are thus reasonably 
regarded as degenerate forms which fail to mature in skeletal development 
and exhibit as adults an immature cartilaginous condition of the skeleton. 

The internal skeletal structures of fishes may be grouped under four heads: 
the axial skeleton of the trunk and tail, the braincase, the branchial arch 
system, and the skeleton of the paired appendages. 

Axial skeleton. —^The main elements of the axial system are the verte¬ 
brae constituting the backbone. In some primitive forms the notochord 
remains large, but in most cases its growth is restricted, and in advanced 
types it disappears altogether in the adult. It is replaced by a series of verte¬ 
bral centra of cartilage or bone. In some types the centra are formed by 
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skeletal materials laid down as a thick sheath of tissue surrounding the 
notochord. In others they are formed from paired blocks of cartilage which 
occur on either side of the notochord and may unite to form ring-shaped 
centra (Fig. 4). Sometimes there are two such sets of cartilage blocks in a 
single body segment, and a double set of centra may result (cf. Fig. 94). 

The nerve cord lies directly above the notochord; a A-shaped protecting 
element usually develops above the centrum in each segment. The two 
branches—^the neural arch—meet above the nerve cord and project upward 
as a neural spine. Important blood vessels lie just below the notochord in 
the tail, and these are usually surrounded by haemal arches, or chevron 
bones, analogous to the neural arches above. 

In many specipiens of Paleozoic and Mesozoic fishes, neural and haemal 
arches and ribs are present as bony or calcified structures, but the position 



Fig. 4. — A, Diagrammatic section through the tail of a fish; B, section through the trunk, to show the 
relation of the vertebrae and ribs to the musculature and body cavity; (7, diagrammatic caudal vertebra 
of a teleostean fish; Z), trunk vertebra. Abbreviations: 6c, body cavity; c, centrum; dr, dorsal ribs lying 
between dorsal and ventral muscle groups; 6a, haemal arch and spine; no, neural arch and spine; rr, 
ventral ribs surrounding the body cavity. 

of the centra shows only a blank space (cf. Figs. 28, 47, 71, 77, 80, etc.). 
Presumably, centra were pl%sent but tended to remain in a cartilaginous 
condition. 

Ribs extending out from the sides of the vertebrae and lying between 
dorsal and ventral groups of muscles are usually present in the trunk region; 
primitively they are present in every segment from the neck to the base of 
the tail. In addition to these intermuscular dorsal ribs, which are the only 
ones present in land forms, fish usually possess a second series—ventral 
ribs—which lie deeper and partially surround the body cavity. In the tail 
the ventral ribs are continued by the haemal arches. 

Accessory skeletal structures are often found in the trunk. Additional 
bones are sometimes placed between various muscles (the shad is all too 
good an example), and in most land forms there is a breastbone, or sternum, 
to which many of the ribs attach ventrally. The median fins are supported 
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by a series of parallel rodlike cartilages or bones—the radials; while below 
them, in the fish's body, basal elements connect them with the vertebral 
column. (In addition they are covered superficially and stiffened distally 
by scales or elongated rays derived from scales or from the skin itself.) 

Appendicular skeleton.—^Paired appendages—^the paired fins of fishes 
and the homologous legs of land forms—are present in most vertebrates. 
There are normally two pairs (Fig. 2)—^pectoral appendages just behind the 
gill region or neck and pelvic limbs typically situated at the posterior end of 
the trunk in front of the anal opening. Support for the limbs is afforded by 
girdles contained in the body of the animal. They are composed primarily 
of cartilage or of replacement bone, but the pectoral girdle often has mem¬ 
brane bones attached to its outer and anterior margins. Running out from 
the side of the girdle region is the appendage proper, the skeleton of which 
usually consists of a complicated series of jointed cartilages or bones (cf. 
Figs. 24, 65). The appendages arc primitively small steering and balancing 
organs in fishes, but they become of paramount importance in locomotion in 
land vertebrates. The great variations in structure in these organs will be 
one of the central themes in our study of vertebrate evolution. 

Paired fins are poorly developed or absent in some of the lowest verte¬ 
brates. Their origin has been much debated. It seems probable, however, 
that they were at first merely flaps which had grown out from the sides of 
the body just as the median fins appear to have grown out in the mid-line of 
the back and tail regions; the two types of fins often have a similar structure 
and similar stabilizing functions and may well have had similar origins. 

Branchial arch system. —series of cartilaginous or bony bars found 
between the gill openings in typical vertebrates serves to stiffen the gill 
(or branchial) region and affords support for the muscles which open and 
close these slits (Figs. 6, 7). In jawless vertebrates, as far as is known, these 
bars form a united set of structures fused dorsally to the skeleton of the 
head region. In jawed forms the branchial bars are normally separate 
from the skull structures and are divided into upper and lower halves, bent 
somewhat on each other; and further subdivision usually occurs. In land 
types, with the loss of gill breathing, there is great reduction in this originally 
important skeletal system. 

Jaws are absent in the most primitive vertebrates. It is believed that they 
have been derived from an anterior pair of gill bars, the upper (palatoquad- 
rate) corresponding to the upper half of an arch, the lower jaw (mandible) 
to the main ventral segment. 

As the jaws enlarge, they tend ^o encroach on the gill area behind them. 
In jawed fishes the gill openings are typically elongate slits. In some fossil 
fishes (placoderms) the first slit behind the jaws appears to have been of 
this type still (Figs. 7, 27). In most fishes, however, the jaws have pushed 
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back so far that they crowd against the next arch (called the hyoid arch). 
This blocks the space occupied by the first slit, which tends to be reduced 
to a small hole in the upper part of the original slit area. This is termed the 
spiracle. As the jaw joint crowds against the hyoid arch, the main upper ele- 



Fig. 5.—Diagram to show relation of braincase to nervous system and sense organs in fishes. The 
braincase is represented as sectioned in a horizontal plane. The braincase forms paired capsules inclosing 
the nasal sacs (n), protects the eyeballs (a), and incloses the canals and sacs of the ear (o). 

Fig. 6 . —The jaws and branchial arch system of a shark, essentially the Mesozoic Hyhodus. The brain¬ 
case and spinal column are also shown. Abbreviations: hh^ Ilypobranchial and basibranchial elements of 
the branchial arches; ch, ceratobranchials, the main ventral elements; c6, epibranchials, the principal 
dorsal elements; p6, pharyngobranchials; c/i, ceratohyal, and Am, hyomandibular, elements of the hyoid 
arch immediately behind the jaws; pq, primary upper jaw (palaloquadrate); m, lower jaw or mandible. 
(After Smith Woodward.) 



Fig. 7. —Diagrams to show stages in the evolution of jaw structures in vertebrates. Left^ the jawless 
stage found in the Agnatha; the mouth was small, the gill arches similar throughout. Center, a stage in 
which jaws, evolved from one of the anterior gill bars, had developed to the stage seen in the Placodermi. 
One or two anterior gill slits have been eliminated, but the slit corresponding to the spiracle (s) of more 
advanced forms is still of normal type, and the hyoid arch (A) behind it is unspecialized. HtffAt, the ad¬ 
vanced type of jaw seen in fishes above the placoderm level. The upper part of the hyoid arch is special¬ 
ized as the hyomandibular, propping the jaw joint on the braincase; the intervening gill slit is reduced 
to the spiracle. 

ment of this arch—^the hyomandibular—tends to assume a new function: 
it braces the jaw against the side of the braincase and thus aids in mastica¬ 
tion. 

Skull.—In the embryo of every vertebrate there develops a braincase, a 
box of cartilage inclosing the brain and articulating at its posterior end with 
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the vertebral column (Figs. 5, 6, 55). Anteriorly, nasal capsules protect the 
nostrils; hollows in the sides receive the eyes; extensions from the sides of 
the posterior part inclose the primitive ear as otic capsules. The braincase 
remains cartilaginous in many fishes, but in a majority of fishes and other 
vertebrates it becomes more or less ossified. 

In sharks the braincase and the primary upper jaws, loosely attached to 
it, are the only head structures. In most other fishes, however, dermal 
bones are present in addition. A shield of such bones covers the top and sides 
of the head region (Fig. 8), coming into contact with braincase and primary 
jaws (when present). Other dermal bones appear in the skin lining the 
mouth. These dermal structures tend to replace in part the deeper cranial 
elements and to form, with them, a unified cranial structure—the skull. 

Nervous system. —The central nervous system of vertebrates consists of 
the brain, the spinal cord running down the body from the brain, and nerves 
passing out from these structures to sensory and motor end-organs. The 



Fig. 8. —Diagrams to show comparison of tiie skull in forms with and without dermal bones. Cartilage 
or cartilage-replacement bones stippled; dermal bones white. Dorsal, C, ventral, and lateral views 
of a sharklike form, with separate braincase and “primary” jaws (cf. Fig. 55, etc.). B, D, F, Dorsal, 
ventral, and lateral views of the skull type found in bony fishes and higher forms. Dorsally and laterally 
the dermal bones cover the internal structures and unite them into a single mass. Ventrally a dermal 
element underlies the anterior end of the braincase, other dermal bones cover most of the “primary” 
upper jaws, and the lower margins of the roofing elements form tooth-bearing outer margins to the jaws 
(cf. Figs. 62, 63, 96, etc.). 

spinal cord differs radically in position from the main nerve trunk of most 
invertebrates, in that it lies in a dorsal position, passing down the back above 
the notochord and vertebral centra and protected by the neural arches 
between which the nerves emerge (a pair to each segment). The brain pos¬ 
sesses an exceedingly complicated structure, of which we may note the super¬ 
ficial features often revealed by casts of the inside of the braincase^(Fig. 9; 
cf. Fig. 17). A rough division may be made into three portions—^forebrain, 
midbrain, and hindbrain. The first has paired swellings above—^the cerebral 
hemispheres—which, primitively associated with the sense of smell, in higher 
forms tend to enl^ge greatly and become the seat of the highest functions 
of the brain. Extending up behind the hemispheres one finds a stalked pineal 
body, or a similar structure termed the parapineal, or both; one or the other 
forms a median eye in many lower vertebrates. In most vertebrates, tissues 
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from the infundibulum—a ventral projection from the forebrain—^fuse with 
a pocket-like growth from the roof of the mouth—the hypophysis—to form 
the pituitary, an important gland of internal secretion. The midbrain roof has 
paired optic lobes, associated with sight. The main portion of the elongate 
hindbrain is the medulla oblongata, which has to do with touch, taste, 
balance, hearing, and motor responses, while above it lies the cerebellum, 
the “tree of life,*’ which has control over body posture and muscular co¬ 
ordination. 

The cranial nerves are of intei'cst to the paleontologist, since the openings 
(foramina) through which they emerge are usually visible in good fossil 
skulls. There are always at least ten, sometimes twelve, pairs of nerves. 
Three go to major sense organs: I, to the nostril; II, to the eye; VIII, to the 
ear. Three (III, IV, VI) are 
small nerves which move the 
muscles of the eyeball. The 
others (V, VII, IX, X) mainly 
receive sensory impressions from 
the skin of the head and neck 
and lining of the mouth and 
convey impulses to the muscles 
of the jaws and throat. 

Sense organs. —All verte¬ 
brates have the three major 
sense organs found in ourselves 
—^nostrils, eyes, and ears. The 
nostrils in primitive forms do 
not usually connect with the 
interior of the mouth but are 
simply a pair of pockets into 
which water can pass and in 
which the sensory cells of smell 
are located. In some very primitive vertebrates there is but a single nostril. 
In addition to the universal paired eyes, a median eye often reaches the 
surface (especially in older fossil forms) through an opening in the top of the 
skull. The primitive ear possesses no drum or earbones, as it does in higher 
forms, but consists merely of a series of liquid-filled sacs and canals lying 
entirely inside the braincase; a fish can hear only vibrations which have 
passed into its body and set up vibrations in its braincase. The ear seems to 
have been primitively a balancing organ, and that function is still important 
today. This sense is located in a pair of sacs and a series of semicircular 
canals; the canals are usually three in number, although only two (or even 
one) may be present in some low types. 




Fig. 9. —^Dorsal and lateral views of restored brain and 
cranial nerves of Macropetalichthyst a Devonian placo- 
derm. The cranial nerves are numbered (see text); the 
three small nerves to the eye muscles omitted. Abbrevi¬ 
ations: c, cerebral hemispheres; c6, cerebellum; «, eye; 
{, infundibulum; m, medulla oblongata; n, nostril; o, ear; 
ol, optic lobes of midbrain; p, pineal organ. (After 
Stensi5.) 
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Primitive aquatic vertebrates seem to possess a sixth sense in the lateral- 
line organs, situated in canals or pores extending in a line along the sides of 
the body and forming a complicated pattern on the head. It is believed that 
these organs are sensitive to water currents or pressure as an aid in swim¬ 
ming; and from the fact that the inner ear may communicate with the sur¬ 
face by a tube to the top of the head in sharks, it has been suggested that 
our ears (which also register movements and pressure in a liquid medium) 
may be but specialized portions of this same system. 

Circulatory system. —We shall not be greatly concerned with the blood 
system in an elementary study of fossil forms, although the investigation of 
passages for the transmission of blood vessels is a topic of great importance 
in research on fossil fish skulls. We shall here note merely that, primitively, 
the blood is carried to the heart from the body by a series of veins; from there 
it is carried forward along the throat in a ventral aorta, from which branches 
arch up between the gill slits. After passing through capillaries on the sur¬ 
face of the gills, these arches reunite above, and the main current of blood 
passes backward to the body in the dorsal aorta. With the introduction of 
lungs and the reduction of gills, the system becomes, of course, highly modi¬ 
fied. 

Respiratory system. —The lower vertebrates and their relatives possess 
a unique breathing system of internal gills. Water passes (usually through 
the mouth) into the throat, thence through a series of gill chambers, where 
respiration occurs, to the surface of the body. In most fishes, five typical 
pairs of gill slits are present; originally the number may have been much 
higher (cf. Fig. 17). The spiracle, mentioned above, is sometimes enlarged 
and may function instead of the mouth as an inlet for water; in many higher 
fish, on the other hand, it is reduced or absent. The gill slits sometimes open 
separately to the surface (sharks, some ostracoderms). In most fishes, how¬ 
ever, the gills have a common posterior opening and are covered by a struc¬ 
ture termed the operculum. Lungs, connected with air breathing, appeared 
at an early stage in fish history, for they seem to have been characteristic 
of early bony fish and are even reported in one of the placoderms. In amphibi¬ 
ans the gills have tended to atrophy; the spiracle becomes the eustachian 
tube of the middle ear; other pouches may form glands of internal secretion. 

In living adult vertebrates the gill function is primarily and usually ex¬ 
clusively that of respiration. Very probably, however, this function was 
originally an incidental or secondary one. The gill system in lower chor- 
dates is mainly a feeding device; food particles are strained out from the 
stream of water passing through the pharynx. The gills may still have func¬ 
tioned in this fashion in the Paleozoic jawless fishes (ostracoderms); modern 
jawless types (lampreys and hagfishes) have, as adults, evolved peculiar 
rasping ‘Tongues” as a substitute for jaws, but the larval lamprey is still a 
food-strainer. 
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Digestive and urinogenital systems. —We shall have little to do direct¬ 
ly with these organ systems (jaws and teeth are discussed elsewhere), al¬ 
though many skeletal features are directly related to food habits and re¬ 
production. Primitive vertebrates are, of course, egg-laying types, although 
even among some sharks the egg may undergo development within the 
mother’s body. Usually the eggs are unprotected in water-living forms, 
although in some cases (skates and chimaeras, for example) a hard egg case, 
capable of preservation, is present. 

Muscular system. —Although muscles are practically never preserved, 
these organs are of importance to us since they are so intimately associated 
with the skeleton. Somewhat comparably with the 
skeleton, the muscle system may be divided into axial, 
branchial arch, and appendicular series. The axial 
muscles constitute the main means of locomotion and 
the greater part of the bulk of water-living vertebrates. 

They are arranged segmentally in a series of layers 
down the back and flanks of the fish. Between each 
successive segment lies a rib; opposite each segment 
lies a vertebra. It is probable that the segmentation of 
the skeleton took place primarily in relation to that of 
the muscles. The small muscles which move the eyeball 
are probably highly modified portions of this axial 
group. A special group of muscles is that associated with 
the branchial arches; the muscles of the jaws, when 
these structures are formed, were derived from this group. With the develop¬ 
ment of limbs, strong sets of muscles form above and below the skeletons 
of these appendages. 

Skin derivatives. —Not only membrane bones, previously discussed, 
but other structures may arise in the outer layers of the body. From the 
most superficial portion of the skin are formed, in various groups of higher 
vertebrates, horny scales, claws, true horns, feathers, or hair; these are 
usually incapable of fossilization. From deeper layers in the skin of many 
fishes are formed denticles, typically hollow cone-shaped structures, mainly 
composed of compact dentine and covered with a film of very hard, shiny, 
enamel-like material (Fig. 10). In typical sharks such denticles are scattered 
over the surface of the skin, giving it a rough, sandpaper-like texture; while 
in many early and primitive fishes they form a surface covering for under¬ 
lying dermal bones or scales. Teeth are very similar in composition to 
denticles and are thought to have had a similar origin. 

Primitive chordates. —The vertebrates, although a large and important 
group of animals, do not in themselves constitute a major division of the 
animal kingdom but are grouped together with a small number of other 
living forms of more primitive character to form the phylum Chordata, 



Fig. 10. —Denticle of 
shark {left) and mam¬ 
malian incisor (right ). 
Abbreviations: c, ce¬ 
ment; d, dentine; e, 
enamel; wf, vitrodentine 
(analogous to enamel). 
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animals with a notochord. These other types are almost entirely unknown as 
fossils but must be considered briefly because of their bearing on the origin 
and early history of the vertebrates. 

Amphioxus. —The Cephalochorda comprise but a few small marine 
forms, such as Amphioxus (Fig. 11). This animal has the appearance of a 
small translucent fish; but structurally it is far inferior to any of the true 
vertebrates. There are no bones or cartilages, no paired fins or limbs, no 



Fio. 11.—Lower chordates. Amphioxus^ superficial view; B, median section. C, External view of a 
simple tunicate; a, incurrent opening; 6, excurrent opening. D, Section of simple tunicate; 66, branchial 
basket; n, nervous system; 5, stomach. E, Section of trunk and part of tail of larval tunicate (simplified); 
s, rudiment of eye; w<?, nerve cord; nte, notochord; o, otocyst (rudimentary ear). E, Adult acorn worm. 
0, Larval acorn worm; the stippled areas are ciliated bands comparable to those of echinoderm larvae. 
H, Diagrammatic sagittal section through anterior part of body of acorn worm; c, collar; gs, gill slits; 
TO, mouth; nc, nerve cord; nic, notochord; p, proboscis; pharynx. {A^ B from Gregory, after Delage 
and H4rouard; C-H mainly after Delage and Herouard.) 

jaws or teeth; there is little indication of a brain and only vestiges of sense 
organs. There are, however, a number of features which tend to show that 
Amphioxus is related to the vertebrates. Although hard skeletal parts are ab¬ 
sent, there is a well-developed notochord; a dorsally situated nerve cord 
runs the length of the body; and breathing is accomplished by means of 
numerous internal gills. 

Such characters strongly suggest that this form lies near the stem of the 
vertebrates; and it is of interest that the larva of the lamprey, most primi¬ 
tive of living vertebrates, is similar to Amphioxus in many structural de- 
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tails. Amphioxus, itself, however, is generally believed to be debarred from 
any ancestral position because of such specializations as the forward ex¬ 
tension of the notochord to the tip of the head (hence the name of the 
group) and the development of a pouch covering the gills—^features seem¬ 
ingly connected with burrowing habits. It is possible that Amphioxus is a 
degenerate, rather than a truly primitive, form. 

Tunicates.—^The Urochorda include a considerable number of marine 
animals known as the tunicates or sea squirts; the central types are per¬ 
haps the solitary, sessile forms found as adults attached to rocky surfaces 
in shallow waters. They are motionless, shapeless masses covered with a 
leathery tunic. Water is drawn in through an opening at the top and passed 
out through a second orifice at the side of the body. Superficially, they are 
quite unlike vertebrates or even Amphioxus, and internally the resemblances 
are, at first sight, not much greater. There is no notochord, no nerve cord. 
The water drawn in is strained through a barrel-like structure which occu¬ 
pies the greater part of the interior of the creature. Food particles collected 
here pass through an opening at the bottom of the barrel to the stomach 
and intestine, and the feces pass out through an anus into the current of 
water leaving the body through the lateral opening. 

But this barrel which strains the food is also the breathing organ of the 
animal and consists of a much-elaborated set of internal gills. Confirmation 
of this suggestion of chordate nature is furnished by the study of the em¬ 
bryo, which, unlike the adult, is a free-swimming, tadpole-shaped animal 
with a long tail in which are found both a dorsal nerve cord and a well- 
developed notochord. Later in life the tunicate becomes attached to a rock, 
and the tail (and with it the notochord and most of the nerve cord) dis¬ 
appears. It seems probable that the tunicates are degenerate descendants 
of forms related to Amphioxus, 

The acorn worms.—Most characteristic of the Hemichorda are the 
acorn worms, so called because at the anterior end of the elongate body is 
a tough, proboscis-like digging organ with a collar behind it, the two to¬ 
gether somewhat resembling an acorn in its cup. The body, although worm¬ 
like in appearance, is in structure radically different from that of the com¬ 
mon worms; and its true chordate nature is shown by the presence of numer¬ 
ous gills slits similar in structure to those of Amphiooms, Much of the 
nervous system is rather diffuse, but there is a dorsal nerve cord in the collar 
region; and a rudimentary structure in the head may be homologous with 
the notochord* Altogether, it would seem that the acorn worms and their 
relatives are a specialized offshoot from the base of the chordate stock. 

The tiny larva of the acorn worm is very similar in appearance and 
structure to the larvae of certain echinoderms, and for a long time was 
thought to belong to that group. 

These living lower chordates are obviously types which are related to the 
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vertebrates but which differ in being more primitive, specialized, or de¬ 
generate. Fossil lower chordates are unknown, since there arc no hard parts 
capable of preservation. 

Vertebrate ancestry.—^At one time or another the ancestry of the 
vertebrates has been sought in almost every invertebrate group (Fig. 12), 
Vert€brate 5 Somc liave suggested that verte- 

f Ai^cb t brates have been derived directly 

Amphioxub ^ \ 1 b’om the coelenterates, the simplest 

of the metazoans. Obviously, these 
forms may have been the original 
ancestors; but they lack so many 
structures which are found both 
in vertebrates and in many other 
invertebrates that it seems much 
more reasonable to believe that the 
splitting-off of the group lay some¬ 
what higher in the scale. 

A theory of descent of the verte¬ 
brates from the annelid worms has 
been advocated. These animals are 
bilaterally symmetrical, as are ver¬ 
tebrates; they are segmented (as 
are vertebrates in backbone, nerves, 
and muscles); and they have a 
well-developed nerve cord. The nerve cord lies on the ventral side of 
the worm; but if the form be supposed to have turned over, the nerve 
cord would be on the dorsal side. But such diagnostic vertebrate struc¬ 
tures as gill slits and notochord are not found in annelid worms; and 
since the mouth of the annelid was on the under side of the head, we should 
expect that the mouth of vertebrates would lie on the back of the head 
unless we suppose that the old mouth has closed and a new one formed. 

The arthropods, most highly organized of invertebrates, have also been 
strongly advocated as vertebrate ancestors, especially the arachnids, a 
group including not only the spiders but the scorpions and a number of 
such water-living types as the horseshoe crab and the extinct water scorpions 
—^the eurypterids. Arachnids have an external, not an internal, skeleton; 
but some of the earliest fossil vertebrates had a highly developed armor 
which in some cases greatly resembled that of aquatic arachnids. It has been 
suggested that this resemblance denotes a real relationship. According to 
this theory, however, it should be the under surface of one group which 
should resemble the dorsal side of the other (for the nerve cord, as in anne¬ 
lids, lies ventrally in arachnids). Unfortunately, this is not the case; and, 
just as in the case of the worms, there are great difficulties involved in assum- 
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Fig. 12.—Siiiiplilied family tree of invertebrates 
and lower chordates; the heavy arrows indicate 
groups which liave been advocated as ancestors of 
the vertebrates by various authors. 
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ing a reversal of the top and bottom sides of the animal. In addition, it is 
necessary to do away with the jointed limbs and other complicated structures 
of the arthropod and remake the entire animal. There is no positive evi¬ 
dence of such a radical rebuilding. Further, the theory implies that the 
lower chordates are unrelated to the vertebrates, despite the many simi¬ 
larities in structure. 

The most reasonable theory of vertebrate origin seems to be that which 
uses the evidence derived from the primitive chordates. While Amphioxvs, 
tunicates, and icorn worms are obviously not in themselves actual verte¬ 
brate ancestors, it is highly probable that they are specialized or degen¬ 
erate relatives of these ancestors. And we have noted a suggestive point— 
that the larva of the acorn worms, simplest of chordates, is similar to that 
of the echinoderms. 

No group, at first sight, would seem to be farther removed from the 
vertebrates than the starfish and sea urchins, with their radial symmetry 
and various peculiar and complicated organs. No one would derive the 
vertebrates from echinoderms as wc now know them. But it is not impos¬ 
sible that both may have been derived from a form similar to the echinoderm 
and acorn-worm larva, a form advanced above the coelcnterate level of 
organization but still a rather generalized, bilaterally symmetrical animal. 
From it, with the development of sessile life and of radial symmetry, might 
have arisen the first echinoderms; on the other hand, forms tending to be¬ 
come increasingly actively swimming types would presumably have retained 
bilateral symmetry and developed locomotor organs in the way of muscles, 
notochord, and, finally, the vertebrate skeleton. 

Under this theory the early ancestors of the vertebrates would have been 
small, soft-bodied animals, practically incapable of preservation as fossils. 
Hence it is almost hopeless to expect paleontology ever to give us any record 
of the earliest vertebrate ancestors. 

Classification of vertebrates (Fig. 13). —Most of the classes into 
which vertebrates should be divided are obvious. The higher types include 
the mammals (class Mammalia), birds (class Aves), reptiles (class Reptilia), 
and amphibians (class Amphibia). The lower, water-living types are often 
regarded as forming a single class—^the fish, or Pisces. But some subdivision of 
this last group seems necessary. Superficially, the various kinds of “fish’’ 
seem quite similar in nature; they are all water-living types and in that con¬ 
nection have many features in common. But in structure there is a vast 
amount of variation. A lamprey and a codfish, for example, are in many 
respects as different as a frog and a man; and it is not reasonable to “lump” 
them in a single class. The lampreys and hagfishes, together with related 
fossils forms, may be grouped as the class Agnatha, primitive vertebrates 
without typical limbs or jaws. Certain primitive fossil fishes in which jaws 
and paired appendages are present but peculiarly constructed may be con- 
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sidered as constituting a class Placodermi. The sharks and their relatives 
comprise the class the higher bony fish, the class Ostgich- 

thyes> Although it is hardly necessary to group the various classes formally 
into superclasses, we may for convenience use the term Pisces (“fish”) 
to include all the primitive water-living groups, in contrast to the Tetrapoda 




Fio. 13.—A family tree of the vertebrate classes. A rough indication of the comparative abundance of 
the various groups is furnished by the thickness of the various branches. 

(“four-footed”), the land-dwelling classes. Another method of grouping is to 
contrast the Amniota (reptiles, birds, mammals; cf. p. 163) with Anamnia; 
we may in many respects conceive of the Amphibia as merely a sort of pro¬ 
gressive fish. 

Class Agnatha' 
p. Class Placodermi 

Pisces Chondrichthyes 

Class Osteichthyes 
Class Amphibia 

letiapod# 

Class Mammalia 








CHAPTER 2 


PRIMITIVE JAWLESS VERTEBRATES 

T he lampreys and hagfishes, usually termed the “cyclostomes,” are 
outstanding among living vertebrates in the presence of seemingly 
primitive characters. These peculiar forms of eel-like appearance 
are quite devoid of jaws such as characterize all other living vertebrates 
and are limbless, whereas all other living groups of fishes have well- 
developed paired fins. Turning to fossil types, we find that the most 
ancient of known vertebrates were forms usually grouped as the ostraco- 
derms. These fishes were almost always incased in a heavy armor of bone or 
other hard material and thus seem quite unlike the soft-skinned modern 



Fig. 14. —Living cyclostomes. Above, the lamprey Fetromyzon; below, the hagfish Myxine. (After 
Dean.) 

cyclostomes in which the skeleton is entirely cartilaginous. But there, too, 
jaws appear to have been totally absent and limbs, at the most, poorly 
developed. It is probable that the living cyclostomes and the fossil ostraco- 
derms are members of a common stock of primitive ancestral vertebrates 
which we may term the class Agnatha, jawless vertebrates. 

Cyclostomes. —^The living agnathous forms include the lampreys, such as 
Petromyzon, and the hagfishes {Myxine^ Bdellostoma) (Fig. 14). They are 
semiparasitic in habit, attaching themselves to fish and living on their flesh. 
The body is elongate, eel-shaped; there are no scales or denticles in the tough 
and slimy skin. Paired fins are absent, although median fins are developed. 
From six to fourteen pairs of gills are present; these differ from the slitlike 
structures of other living vertebrates in being spherical pockets connected 
with the inside and the surface by small tubes. In the lampreys the margins 
of the round, jawless mouth form a sucking disk for attachment to the prey; 
in the hagfishes the mouth is surrounded by tentacles. Jaws are functionality 




24 


VERTEBRATE PALEONTOLOGY 


replaced by a long protrusile **tQngue. ” armed with a patch of horny struc- 
^tures resemblin g teeth; this forms an efficient organ for rasping away the 
flesh of the lamprey s prey. There are paired eyes and a median pineal eye 
(well developed in lampreys, vestigial in hagfishes). Instead of the three 
semicircular ear canals of most vertebrates, lampreys have but two and 
hagfishes one. 'Jlie olfactory organs are still more peculiar, for, instead of 
the double nostril found in all other living vertebrates, there is but a single 
median nasal sac. 

l^'he skeleton consists of uncalcified cartilage. The braincase is a rather 
specialized and complicated structure. An elaborate system of branchi^il 
arches is present in the lamprey; but these arches, instead of being separate 
elements, are fused into a peculiar basket inclosing the gills, while part of 
the branchial skeleton is modified into a support for the “tongue.’’ The noto¬ 
chord is large and unrestricted. All forms have cartilaginous supports for 




Fig. 15. —Diagrams to show the development of the dorsal nostril of lampreys. Longiindinal sec¬ 
tion through the head of a larval lamprey, showing the central position of the nostril and hypophysis; 
li, a later stage, in wliych hypophysis and nostril have migrated dorsally. Abbreviations; b, brain; d, dorsal 
common opening of hypophysis (h) and nostril (n); g, gut; m, mouth. (AfterX*oodrich, simplified.) 


the median fins, while Petromyzon, although lacking vertebral centra, has a 
row of small neural arches. 

A striking difference between the lampreys and the hagfishes is shown in 
the position of the single nostril. In most vertebrates the nasal openings are 
near the front of the head, or even slightly on the under side. In the hagfishes 
the nostril opens at the tip of the “snout,” but in the lampreys a large 
“upper lip” grows out from the front of the roof of the mouth to form the 
tip of the body; the originally ventral nostril (together with a second pocket¬ 
shaped structure, the hypophysis) is forced around forward and upward 
until in the adult it is found opening downward high on the top of the head 
just in front of the eyes—a situation unparalleled in other living vertebrates 
(Fig. 15). 

Possessing no bones, true teeth, or other hard parts capable of preserva¬ 
tion, the cyclostomes are unknown as fossils. Certain small Paleozoic tooth¬ 
like structures— conodonts— ^have been thought to be cyclostome “teeth”; 
but conodonts are apparently of invertebrate origin. 

The lampreys and hagfishes are obviously lower in their plane of organiza- 
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tion than any other living vertebrates. But, before concluding that they are 
really primitive types, we must take into account the fact that these forms 
are semiparasitic and that parasites are generally specialized and degenerate 
rather than truly primitive forms. Specialized they undoubtedly are in such 
respects as the peculiar “tongue.’* May it not be that many of the features 
of simplicity in their structure are really due to losses associated with para¬ 
sitism rather than to true primitiveness We may seek an answer in the study 
of related fossil types. As will be seen, many cyclostome features were pres¬ 
ent in the oldest-known fishes. 

>Jl(stracoderms. —^The oldest certain remains of vertebrates are fragments 
contained in Ordovician rocks from Colorado and other western states. The 
nature of the sediments suggests that these remains are the debris of forms 
living in inland waters, which, after death, were washed out into a shallow 
bay. This supports the theory that the vertebrates were of fresh-water 
origin and helps to explain the almost utter absence of vertebrate remains in 
the dominantly marine sediments of the early Paleozoic. The fragments are 
too small to allow us to gain any idea of the appearance of these early types, 
but their microscopic structure shows that we have to do mainly with pieces 
of armor such as are found covering the bodies of vertebrates in the subse¬ 
quent periods. It is of particular interest that some of these specimens show 
that bone had already developed in the earliest stage of knoWn vertebrate 
history. 

It is not until late Silurian and early Devonian times that we gain any 
adequate idea of these forms or, rather, their successors. Then, as the Siluri¬ 
an draws to an end, we find increasingly numerous remains of vertebrates 
quite unlike any existing forms in appearance. Almost all are covered with 
varied types of armor, a feature to which the name “ostracoderms” (“shell¬ 
skinned”) is due. In some forms the internal skeleton of the head region is 
highly ossified; in others it is persistently cartilaginous; and in none have 
remains of the axial skeleton as yet been found. In bodily outlines and in the 
presence of hard skeletal parts they seem remote from the cyclostomes; but 
we fiind that all these forms, like living lampreys and hagfishes, are charac¬ 
terized by the absence of jaws and by the absence or poor development of 
paired fins; and that, further, those which are best known show striking 
resemblances to the cyclostomes in many structural features. When we first 
see them, these ostracoderms have already had a long history behind them 
divided into several distinct groups. 

^Sj^Osteoatraci .—Cephalaapis and its relatives constituting the order Osteo- 
straci are known in more detail than any other ostracoderms, and hence 
merit first consideration. These types are abundant in late Silurian and 
Lower Devonian rocks, while a few forms lingered until the close of De¬ 
vonian ihnes. 
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Few were of great size, the length ranging generally from a few inches to a 
foot or two. They were completely incased in an armor of plates and scales. 
When sectioned, these plates are seen to be composed of true bone, while 
on the surface was a tuberculated layer of dentine comparable to fused 
dermal denticles. The body scales were arranged in a series of vertical rows, 
each containing but a few elongate members. The body (Fig. 16) was rather 
fishlike in appearance, with one or two dorsal fins and a heterocercal caudal. 
The head was much flattened, the body higher, with a flat ventral surface 
and a triangular section. Structures are present which appear to be paired 
fins of a sort. At either lateral margin a continuous series of scales projects 
outward to form a fin fold somewhat comparable to a pelvic fin. Behind the 
head shield there are, in most genera, scale-covered flaps which are com¬ 
parable to pectoral fins; their internal structure is unknown. The head 

(Figs. 17, 18)—in fact, the 
whole area back to the shoulder 
region—was covered dorsally 
by a nearly solid shield of 
bone; in all but a few of the 
older and presumably more 
primitive genera there were 
prominent “horns'" at the pos¬ 
terolateral corners. The eyes, directed upward as in many bottom-living 
types, were situated close together near the center of the shield; be¬ 
tween them lay a median plate with an opening for the pineal eye. Anterior 
to this plate was a slit comparable to that which in lampreys contains the 
opening for the single nostril and hypophysis. In the center of the skull, 
behind the eyes, was an area filled by a series of small polygonal plates, 
and there were similar areas near each margin. 

The shield folded under onto the margins of the flattened ventral surface. 
Behind its front edge was a small and obviously jawless mouth, while pos¬ 
terior to this a series of movable plates covered the throat region. At the 
edge of these plates were round external openings for the numerous gill 
pouches. 

Recent work has disclosed much of the internal structure. It was long sup¬ 
posed that, while ostracoderms had superficial armor plates, the internal skele¬ 
ton was purely cartilaginous. But in Cephalaspis an ossified cranial skeleton 
was present. Its composition was in contrast to that of most vertebrates; 
for, instead of a separate braincase and jointed branchial arches, there was 
a single unified stmeture underlying the entire dermal shield. This seems, at 
first sight, a highly specialized feature; but it is possible that it is really a 
primitive undifferentiated condition and that the establishment of inde¬ 
pendent units was a later development. 



Fia. 16.—Ifemcycla(fj[ris, a cliaructenstic cephalaspid 
of the late Silurian and early Devonian. About I natural 
size. (After Stensio.) 




Kks. 17.—'J'lie cranial anatuiiiy of Kiarraapift^ a cephalaspid. Upper top view of head and anterior 
part of trunk region: deo^ supposed dorsal electric organ, Uo, supposed lateral electric organ; ?i, opening of 
single dorsal nostril and hypophysis; n, orbit; p, pineal opening. Lomr left, diagrammatic dissection of 
lop of head, to show brain, nerves, and sense organs. Nerves to supposed electric organ shown on the left; 
other major nerves (numbered) on right, arranged in a series corresponding to the gill slits, e, Cerebellum; 
d, nerve to dorsal electric field; orbit;/, forebrain; m, midbrain; mo, medulla oblongata; n, opening for 
nostril and hypophysis; o, ear region (two canals). In this and the next figure Roman numerals indicate 
cranial nerves. right, re.storation of ventral surface of head, with the plates covering the throat 
removed, showing the ten gill sacs and the .small, anteriorly placed mouth, t^pr. Mouth; ibs, partitions 
lietween gill sacs; kehr, ducts from gill pouches to surface; w#, oe.sopUagus; pf/g, a prespiracular gill pouch 
lost in higher vertebrates; rpm, rostral region in front of gills; gill pouch corresponding to the spiracle 
df higher fisihes; t»m, muscles of gill pouches.'Steftwr rigU, restoration of ventral surface of head, covered 
^dO^all plates; ekroi opening of the gills; m, mouth. (Alter Stenaid.) 
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From the internal cavities most of the structure of the soft parts of the 
head can be made out. The brain and nerves and blood vessels are found to 
have been quite similar to those of lampreys and seem to show a very primitive 
vertebrate pattern. In the ear there were two semicircular canals, as in the 
lampreys; the dorsal slit referred to above is seen to lead into cavities which 
obviously lodged a single nostril and hypophysis in lamprey-like fashion. 
Ten pairs of gill cavities were present; their morphological relations show 
that it is the third of these gill pouches which corresponds to the spiracle 
with which the gill series of jawed vertebrates commences; two pouches 
are present here which have been crowded out of existence in higher verte¬ 
brate groups. 



Fia. 18.-^DorsaI view of the head shield in various osteostraoans. A -E, A morphological series show¬ 
ing reduction in the amount of trunk region included in the cephalic shields and in the development of 
pectoral fins and “horns.*’ The fins (seldom preserved) are known in this series only in Cephalaspis. In A 
a large proportion of the trunk is included in the shield, and pectoral fins were not developed; in E most 
of the trunk has been freed from the head shield, large sinuses for the attachment of pectoral fins are 
present; B-D show intermediate conditions: A, Tremataspia; By Didymaspis; C, Kiaeraspis; />, Thyestes 
Ey Cephalaspis; Fy Benneviaspis; 0, Boreaspis; Hy Sclerodus. (Mainly after StensiC.) —- 


Beside the ordinary nerves of the head, very stout nerve trunks (Fig. 17) 
are found running to the polygonal plate areas, mentioned previously. 
These may be seriSsory in nature, but they are exceptionally large, and it has 
been suggested that these areas lodged powerful electric protective organs, 
such as are present in certain skates, eels, and catfish today. It is surprising 
to find such highly specialized structures in such an early form; but we must 
remember that by late Silurian times the vertebrates must already have had 
a long, even if unknown, evolutionary history behind them, and these small 
forips had large predaceous invertebmtes as contemporaries. 

The Osteostraci were a homogeneous group as regards their fundamental 
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structures. There is, however, considerable variation in the contours of the 
head (Fig. 18): there are great differences in the degree of development of 
the “horns”; the head may be broad or slender; a long rostral spine may be 
developed; the plate-areas may vary in size, and the lateral ones may be 
subdivided. Tremataspis is a Silurian genus which may be relatively primi¬ 
tive in nature. Here there are no “horns” or pectoral fins; instead, the head 
tapers smoothly back into the trunk, and a considerable portion of the trunk 
armor is fused with the head shield. Such an animal would have swum rather 
inefficiently, and with little steering ability, by a tadpole-like, wriggling 
of the posterior part of the body. In Cephalaspis and other later genera a 
freeing of body segments from the shield would give greater mobility to the 
body, and the development of pectoral fin flaps would aid greatly in balance 
and control of direction. A similar development of paired-fin structures will 
be seen in other early vertebrates. 

The cephalaspids were obviously, from their depressed shape and dorsally 
situated eyes, bottom-dwelling forms; their small mouths and expanded gill 
chambers suggest that they were forms which made their living by straining 
food particles from the mud of the stream bottoms. 

It is obvious that these ancient types were fundamentally quite close to 
the modern lampreys in structure. Can the lampreys have descended from 
them.? Many of the differences may be correlated with a change from a bot¬ 
tom-dwelling to a semiparasitic mode of existence. The most striking con¬ 
trast lies between the well-ossified skeletal system of the ancient types and 
the purely cartilaginous skeleton of the lampreys. But similar degeneration 
is known to have occurred in other groups; and, despite their superficial 
dissimilarity, the osteostracans may possibly have been ancestral to the 
lampreys. 

Anaspida. —The order Anaspida includes a number of genera, such as 
Birlcenia (Fig. 19) and Lasanius, which were widespread in the late Silurian; 
there were late survivors in the Upper Devonian of Canada. None was more 
than 10 inches in length, most about half that size. In the typical Silurian 
genera there was a complete covering of dermal armor, composed of a non- ^ 
cellular bony material. This appears to be the equivalent of the basal layer of 
the scales and plates of other early vertebrates and is suggestive of a stage in 
armor reduction. Scales arranged in regular rows covered the body; and the 
head region was protected by a complicated pattern of small plates, which 
appear to be more or less fused into a shield on the dorsal surface. Unlike 
any normal vertebrate of later times, the tail tilted downward, rather than 
upward, to give a “reversed heterocercal” type of caudal fin, found among 
living animals only in the larval lamprey. So unexpected was this find that 
for many years these forms were restored bottom side up. 

A seri^ of spines lay along the dorsal side of the body. An anal fin was 
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present. Of paired fins there were none in the typical Silurian genera, but 
there was a prominent, ju’ojecting spine in the position of a pectoral fin, and 
other spines more i)osteriorly placed. Behind the hea<l a row of small, circular 
openings slanting back and down formed the exits from a series of gill 
jjouches. 

No trace of internal structure has been discovered; the skeleton was pre¬ 
sumably cartilaginous. The dermal armor, however, reveals that the head 
structure (Fig. 19) was fundamentally similar to that of Cephalaspifi, 'J1ie 
two large orbits were somewhat farther apart and faced more laterally 
than in that form. Between them lay a plate pierced by an opening for the 
pineal eye; while the nostril, just as in the last order and in the lampreys, 
reached the surface through an opening high on the top of the head. The 
mouth was shaped more like that of higher vertebrates than in other ag- 



..JPia. 10.—Anaspids. Upper left, Birkcnia from the lute Silurian of Scotland; original about 4 inches 
long. (From Stetson.) Ijower left, Endeiolepis, from the Upper Devonian of (’anada; length about 8 inches. 
(From Stensib.) Right, dorsal view of the head plates of Pharijngolepis, a late Silurian anaspid from 
Norway, showing the lateral (o) and pineal {p) eyes and the single nostril (n). (After Kiaer.) 


nathous types, but it is improbable that true jaw structures were connected 
with it. 

Considerable variation from this typical structure is found in other anas¬ 
pids. Lasanius of the Upper Silurian had lost most of its armor, except for the 
dorsal spines and a series of pectoral spines and their supports. Still more 
divergent is Endeiolepis of the Upper Devonian (Fig. 19). The body was 
almost completely naked, and the dorsal spines were replaced by a long, 
soft dorsal fin. Ventrally, a continuous fin fold, stiffened by scales, ran the 
length of the trunk on either side and formed a structure comparable to 
both pectoral and pelvic fins of higher vertebrates. It may be that this 
unique structure is primitive for anaspids and that the paired spines found 
in other genera are remnants left after its degeneration; on the other hand, 
this fin development may have taken place within the anaspids parallel 
to fin evolution in other vertebrate groups. 
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That these forms were related to the Osteostraci is obvious; they were, 
however, less depressed and seemingly more active types, suggesting a trend 
away from the comparatively sedentary, bottom-living existence which 
may have characterized the earliest jawless vertebrates. They may well 
have been even more closely related to the lampreys than Cephalaspis, It 
seems probable that the anaspids were undergoing reduction of armor; with 
the loss of the remainder of the dermal skeleton, the anaspids would be suit- i 
able lamprey ancestors. 

Heterostraci. —very different group of jawless vertebrates is the order 
rieterostraci, whose members (like the cephalaspids) were abundant in the 


rm 



Fig. —Heterostraci aiiJ coclolepids. Upper lefty Anylofipis from the I’pper Silurian of Spitzberj^t'ii; 
length about 6 inches. (From Heintz after Kiaer.) Left ccnicry Pieraitpis from the 1/Ower Devonian of 
Fngland; length about inches. (From Heintz after White.) TMwer lefty the coelolepid Thelodus of the 
late Silurian, length of original specimen about 3-8 inches. (From Traquair.) Righty dorsal view of 
Drepana^Sy a flat-bodied Lower Devonian heteroatracan; the general plate arrangement is com¬ 
parable to that of pteraspid.s; original about 1 foot long. Im, Uranchial opening; irty dorsally situated 
mouth; o, orbit. (After Traquair, Kiaer, and Heintz.) 

late Silurian and early 1 )evonian but had disappeared completely by the end 
of the latter period. Perhaps tlie Heterostraci may be considered the oldest 
of all vertebrate orders, for some of the fragmentary dermal plates from the 
Ordovician appear to show a microscopic structure of heterostracan type. 
Pteraspis (Figs. 20-22) is the best-known member of the group; Poraspis 
(Fig. 22), PalaeaspiSf Anglaspis (Fig. 22), and Cyalhaspis are other charac¬ 
teristic forms^ Usually there was a complex armor comparable to that of 
Cephalaspis, but lacking bone cells. In contrast with the cephalaspids and 
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anaspids, the paired eyes were far apart on the sides of the head, the pineal 
eye often failed to pierce the top of the skull, and a striking difference lies 
in the fact that there was no opening for a dorsal nostril. The body was cov¬ 
ered by scales, often diamond-shaped. In typical heterostracans the body was 
little flattened. The tail fin was of the reversed heterocercal type. There arc 
no other median fins or paired fins, but there are dorsal and ventral spines 
on the trunk; frequently a prominent dorsal spine arises from the back of 
the head shield. 

l^he anterior part of the body, including the large gill chamber, was pro¬ 
tected by stout armor (Fig. 21). In the more primitive Silurian types 
this consisted of a single oval dorsal shield, a similar ventral element, and a 



Fig. 21.—V’entral and dorsal views of the anterior portion of the body of Pt^craspis. I^teral-Jine canals 
are indicated. The mouth lay in front of the .slender series of plate.s near the anterior end of the ventral 
surface. Abbreviations; ho, common opening of the gill pouches; o, orbit; /), pineal opening; s, median dor- 
.sal spine. About twice the size of the original. (After Kiaer.) 

pair of lateral gill plates. In later types there is a tendency for the armor 
to break up into a number of smaller elements. In Pteraspis, for example, 
there separates from the dorsal shield an anterior rostral element and 
smaller plates about the orbits. 

A single lateral opening was a common outlet for the gills; the position of 
the gill pouches is shown by a series of five to nine paired impressions on the 
inner surface of the dorsal shield. 

On the under side of the rostrum a transverse slit indicates the position 
of the mouth. In some specimens, depressions in the inner surface of the 
rostral shield above the comers of this slit demonstrate that the nasal sacs 
were situated here and were paired Structures, as in higher vertebrates. 




PRIMITIVE JAWLESS VERTEBRATES 


33 


There were no jaws, but the mouth slit is bounded posteriorly by a series of 
parallel movable plates, suggesting that some type of nibbling movement 
was possible. No internal skeletal structures have been discovered; presum¬ 
ably, they were cartilaginous. 

Considerable diversity is encountered among the known heterostracans. 
We have no knowledge of the appearance or structure of supposed Ordo¬ 
vician Heterostraci. The Upper Silurian genera, such as Poraspis and Cy- 
athaspis, are more heavily armored than the Devonian forms and with the 
armor concentrated in a smaller number of plates. There is great variety, too, 
in the shape of the “head” (Fig. ; in some the rostrum is shoil and round¬ 
ed, in others greatly elongated. 



Fig. 22. —The armor in a varied series of Heterostraci: A, Poraspis; By Cyathaspis; C, Pteraspis; Z), 
Pteraspis rostratus; E, Dyreaspis; E, Pteraspis dunensis. A-C show a series in tlie breakdown of the origi¬ 
nally solidly co-ossified shield into separate elements, and the development of a dorsal spine and lateral 
projections behind the gill opening; D~F show variation.s in the development of these structures and of 
the rostrum. (After Heintz, White, and Gross.) 

Flattened, bottom-dwelling relatives of the pteraspids are represented by 
Drepanaspis (Fig. 20) and other Devonian genera. The head and gill region, 
corresponding to the area included in the pteraspid shield, is very broad 
and flat but is covered by a series of larger and smaller plates generally com¬ 
parable with those of Pteraspis, The eyes were quite small; the mouth ap¬ 
parently was similar to that of Pteraspis^ but in the fossils it appears at the 
front end of the upper rather than the under surface. 

The Heterostraci are obviously not closely related to the agnathous forms 
previously considered—cyclostomes, Osteostraci, Anaspida—^all of which are 
peculiar in the possession of a single dorsal nostril. Possibly the Heterostraci 
are the remnants of a generalized primitive vertebrate group which might 
have given rise, by modification and specialization, to other jawless types. 
Still further, it is possible that the Heterostraci may be close to the line 
of ascent to jawed types, in which paired nostrils were retained. Known 
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forms of the order, however, ai>pear to be too late in time or too specialized 
on their own account to be considered as such ancestors. 

Coeiolepids. —In the late Silurian and Tvower Devonian are fouiul a 
number of poorly known and tiny fishes which may be grouped in the order 
Coelolepida. Coelolepis^ Thelodus (Fig. 20), and LanarJeia are representative 
genera. In many instances these forms are known only from patches of 
the scales which covered their bodies. These were minute structures, not 
overlapping but nevertheless forming a continuous covering for the body and 
hence to be considered as true scales rather than as dermal denticles of the 
shark type. In a few cases the complete body outline is known, but, even so, 
our knowledge of these fishes is slight. We know almost nothing of internal 
structures and very little even of superficial features. The tail is forked 
and apparently of the reversed heterocercal type; an anal fin may be pres¬ 
ent. The anterior part of the body (including the gill chamber) is broad and 
presumably flattened, as in most other ostracoderms. Flaps at the posterior 
end of this region in Thelodus may mark merely the region of the gill opening, 
as in Heterostraci, or may possibly be rudimentary pectoral fins, as in cepha- 
laspids; in Coelolepis, however, these flaps are absent, and the head region 
tapers evenly into the trunk contours. In some instances pigment spots or 
openings show that the paired eyes were laterally placed; we have, however, 
no data on the pineal eye or nostrils. The mouth was small. Impressions of 
gill chambers have been seen in Thelodus, but the nature of the external 
opening is unknown. 

They have frequently been allied with the Heterostraci because of the 
similarities in body contours, but there is no proof of such association. Their 
scales are comparable to the superficial portion of the plates and scales of 
other ostracoderms. It was originally suggested that the coeiolepids demon¬ 
strated a stage in the development of armor and that typical bony plates and 
scales might arise by a fusion and deeper growth of small and superficial 
structures such as those present here. But it seems more probable today 
that we here have indications of a degenerative process—a redwict on of 
armor, which, if carried a bit further, would lead to the condition of isolated 
dermal denticles, as seen in sharks. While it is customary to regard coeio¬ 
lepids as ostracoderms, even this is uncertain. It is not impossible that they 
may be forerunners of some group of the later jawed fish types. 

Primitive vertebrates. —^In the previous chapter the problem of the 
history of skeletal materials—bone versus cartilage—was briefly discussed. 
Classical theory maintained that cartilage was the older material. But the 
paleontological data strongly suggest that bone was a primitive adult skele¬ 
tal material, cartilage an embryonic adaptation which appears in the adult 
as the result* of degenerative processes. 

The evidence from the Agnatha tends strongly to support the latter view. 
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Modern jawless forms are boneless, those of the Silurian and Devonian all 
possess dermal bone, and in the cephalaspids there is, in addition, a well- 
developed internal bony skeleton. It may be argued that these ancient 
forms had still earlier cartilaginous forebears. If so, however, the time when 
bone was unknown must have been an exceedingly remote one, for bony 
tissues were present in the oldest vertebrate scraps from the Ordovician. 
If bone was a new invention among the older vertebrates, one would expect 
to find a progressive increase in ossification among the later representatives 
of the groups concerned. This, however, is the reverse of the true situation. 
In general, the later ostracoderms of the Devonian show a less substantial 
armor than that of Silurian forms; bone is regressive, not progressive, in its 
history among ostracoderms. As will be seen, a similar story of bone reduc¬ 
tion is true of various other lower vertebrate groups. 

It seems certain that in the ostracoderms we are dealing with a truly 
primitive series of vertebrate types. That the absence of jaws is a primitive 
feature need not be seriously questioned. This condition greatly limits the 
possible modes of life of primitive vertebrate types. The modern cyclostomes 
have been enabled to take up a predaceous mode of existence through the 
development of a rasping ‘‘tongue’" as a substitute for jaws, and a type of 
nibbling may have been present in some ostracoderms. In general, however, 
the older vertebrates were limited, as to food supply, to tiny organisms and 
bottom detritus that could be strained through the gill apparatus, much as 
in lower chordates today. The gills, therefore, were not only a b reathing, but 
a lso a feeding, device. I n relation to this, we see thaFin most ostracoderioir 
the major—anterior—^part of the body was much expanded to form a large 
set of branchial chambers, surmounted by a brain and sense organs. Posterior 
to this, the trunk and tail appear as a relatively small locomotor appendage. 

The modern cyclostomes lack paired limbs; among the ostracoderms we 
see various stages in the early development of paired-fin structures. Without 
such fins the locomotion of the oldest vertebrates must have been of the 
relatively ineffective and uncontrolled type seen in a frog tadpole. Paired 
flaps or rudders would aid greatly in preventing rolling and pitching and, 
if flexibility were attained, aid in steering. The finlike developments seen 
among the ostracoderms are not closely comparable to the “orthodox” 
fin structures of sharks or of higher bony fishes but presumably represent 
independent evolutionary developments. Similar essays in the establishment 
of paired-fin systems, often of curious types,'^will be seen among the placo- 
derms. Paired fins, it seems probable, were developed in parallel fashion t 
among various early vertebrates in relation to their needs for more efficient I 
locomotion. 

The ostracoderms are primitive vertebrates; but if we seek among the 
known forms for the ancestors of higher vertebrate groups, we meet with 
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disappointment. The cephalaspids and anaspids show very definite char¬ 
acteristics (as in the development of nostril and hypophysis) which seem to 
ally them to the cyclostomes, and the anaspids especially may well be close 
to the cyclostome ancestry. It is, however, very improbable (although not 
impossible) that the ancestors of other vertebrate groups passed through 
a stage with the peculiar monorhine condition seen here. 

The Heterostraci and coelolepids appear, in such features as their ap¬ 
parently diplorhine condition, to offer better prospects of relationship to 
higher vertebrates. We know, however, very little about the structure of 
«fiie coelolepids, and the known Heterostraci are obviously too highly special¬ 
ized in many ways to be considered in themselves as ancestors of any of the 
higher jawed vertebrates. 

Our failure to find actual gnathostome ancestors among known ostraco- 
derms is, of coulee, a result only to be expected from a broad consideration 
of the problem. The known forms are ancient vertebrates, it is true; but not 
the oldest of vertebrates. We know that the vertebrate stock was in exist¬ 
ence a full period earlier, in the Ordovician; and it is possible that highly 
developed vertebrate types may have been in existence in the Cambrian, a 
hundred million years or more before the first adequately known types. 
Cephalaspids, anaspids, pteraspids, and coelolepids represent not the be¬ 
ginning but the end of a cycle of early vertebrate evolution—end-forms 
rather than generalized ancestral types. ^ 

The sea is generally assumed to have been the original home of life; lower 
chordates and lower living vertebrates are mainly marine types. It is, there¬ 
fore, natural to believe that the vertebrates were originally dwellers in a 
salt-water environment. 

This, however, is probably the reverse of the case. The active swimming 
characteristic of vertebrates suggests that their home lay in fresh waters 
where mobility was necessary to counteract the downward sweep of stream 
currents. Studies of kidney structures and function indicate that the primi¬ 
tive vertebrate kidney was one “invented’’ for use in a fresh-water environ¬ 
ment and that this structure was variously modified by later marine types. 
The fossil record is in accord with these other lines of evidence. Nearly all 
records of Silurian and early Devonian vertebrates are of a type that suggests 
that the oldest fishes lived in inland waters. Most ostracoderms were ap¬ 
parently stream and pond dwellers; it is not until the later part of the 
Devonian that sharklike fishes and placoderms become numerous in the 
seas; few of the higher bony fishes appear to have been ocean dwellers before 
the Mesozoic. 

Why should primitive vertebrates have been universally armored? Later 
armored types are usually protected against their own carnivorous relatives; 
but we believe that the earliest vertebrates were without biting jaws and 
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incapable of ingesting other vertebrates as food. Obviously, the enemies 
must have lain among invertebrate types. The inland-dwelling vertebrate 
would not have come in contact with cephalopods or other marine forms 
which one might at first think of as possible enemies. We do, however, find 
that one group of predaceous invertebrates was present in the same beds 
with the early vertebrates—the eurypterids, aquatic, scorpion-like Paleozoic 
creatures of large size, with well-developed claws and biting mouth parts. 
It is probable that the early vertebrates furnished a food supply for the 
“water scorpions’* and that vertebrate armor (and the electric organs of 
the cephalaspids) served as a defense against these carnivorous enemies. 
When, in the Devonian, faster-swimming fishes supplanted the compara¬ 
tively sluggish ostracoderms, the eurypterids dwindled into insignificance 
and presently disappeared. The activity which characterizes the vertebrates 
may be related not merely to the taking-up of life in running streams but also 
to the necessity of escaping early eurypterid enemies. 



CHAPTER 3 


PLACODERMS 

r f THE Devonian, often called the “Age of Fishes,” we find present the 
ostracoderms, already discussed, and early representatives of the higher 
fish classes living today. A considerable majority of the fish population 
of that period, however, belonged to groups now long extinct and peculiar in 
structure: acanthodians, sharklike in superficial appearance but most un¬ 
sharklike in anatomical features; the arthrodires, with heavy armor in ar¬ 
ticulated head and thoracic segments; the antiarchs, grotesque little crea¬ 
tures which look like a cross between a turtle and a crustacean; the odd 
stegoselachians, which are armored caricatures of modern skates and rays. 

Where to place these seemingly aberrant forms was long a vexing problem. 
One or the other of these types has at times been thought allied to the os¬ 
tracoderms, to the sharks, to the lungfish, to the “ganoids”; but In each case 
the supposed likenesses have been more than outweighed by the obvious 
differences. There are few apparent common features uniting these groups 
other than the fact that they are, without exception, peculiar. All, however, 
are characterized by the presence of bony skeletal tissues; all have paired 
fins, although they are built on unusual plans; and all have jawlike struc¬ 
tures of some sort or other. 

/ Jaws.’ —It is this last feature which provides a key to the position of these 
fishes and gives us grounds for uniting them in the class Placodermi, or 
plated-skinned fishes (Aphetohyoidea is an alternative term). They appear 
to represent the most primitive of gnathostomes, nature’s first “experi¬ 
ments” in the production of jawed types. 

We have earlier discussed, in brief fashion, the evolution of jaws. In most 
fishes, it was noted, the hyoraandibular bone props the jaw joint against the 
braincase and thus aids in its support. In this condition the original gill slit 
between the jaw and the hyoid arch has been reduced to a smi^ tube—the 
spiracle—distinct from the other gill slits and, if an operculum is present, 
opening separately to the surface of the body. It has long been assumed by 
anatomists that there must have existed a stage in vertebratiE evolution in 
which jaws had been developed but the hyoid archliad not yet become spe¬ 
cialized. No living fish remains in this stage. It has, however, become clear 
as the result of recent studies that this hypothetical ancestral condition was 
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abundantly represented in the Paleozoic by the forms considered in this 
chapter. They are a series of bony fishes which had advanced over their os- 
tracoderm ancestors in the development of jaws. In some cases, as in the 
acanthodians first to be described, the full jaw structure can be demon¬ 
strated, and the unspecialized nature of the hyoid arch is clear. In others our 
knowledge is less complete. Most, however, have an operculum or gill cover 
of some sort, and in none is there a separate opening for a spiracle. It is, 
therefore, a fair inference that in these forms the gill structure was similarly 
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primitive in nature, with the hyoid arch and first gill opening in an unspe¬ 
cialized condition. 

The upper jaws, when developed, arc always attached to the braincasc or 
braced on it in some fashion. In placod erms this is done by a direct articula¬ 
tion of the palatoquadrate with the braincase. This condition is described 
technically as an aqtostylic onj^j a modification of it is seen in some higher 
types, in which (as in chimaeras, lungfishes, and modern amphibians) the 
upper jaw and braincase are firmly fused rather than merely articulated. 
With the development of an additional bracing by the hyomandibular there 
arises the amphistylic condi tion s een in primitive sharks (cf. Figs. 6, 55); if. 
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as in later shark families, the entire jaw support is accomplished by the 
hyomandibular, the term hyostylic is applied. 

Fins. —We have seen in the ostracoderms certain early essays in the de¬ 
velopment of paired fins in the shape of spines, flaps, or folds of some sort on 
either side of the body—^structures which presumably aided in stabilizing 
the fish during progression. In the higher fish groups, above the placoderm 
level, appendages (unless secondarily lost or modified) invariably consist of 
two pairs, the pectoral fins in the “shoulder” region just behind the gill slits 
and the pelvic (or ventral) fins just anterior to the anal region; the pectorals 
are, in general, the more prominent of the two. Each fin articulates with a 
girdle of bone or cartilage, which lies inside the body wall and to which are 
attached muscles which move the fin. The pectoral girdle usually extends 
far up the flank and, in addition to internal cartilages or bones, may have, 



Fig. 24.—-Tlie paired fins and girdles of sharklike fishe.s. All except D are pectoral fins. A, (Jladoselache 
of the late Devonian, with parallel radials extending out from the girdle; B, “Cladodus'* neilsoni (Car¬ 
boniferous), with a posterior axis developed, transitional between A and C or E; C, a pleuracanth shark, 
with archipterygial structure; P, pelvic fin of male of the same, with clasping organ^, Ilybodvs, a 
Mesozoic shark. (A after Dean; B after Traquair and Goodrich; C and D after Fritscnflf after Smith 
Woodward.) 

in bony fishes and land vertebrates, a covering layer of dermal bones; the 
pelvic girdle is less highly developed and typically consists of a small plate 
of bone or cartilage imbedded in the under surface of the abdomen. 

The nature of the fin itself is variable even in higher fishes; these varia¬ 
tions may be illustrated by a consideration of fin types seen in sharklike 
forms (Fig. 24). One variety is a fin fold, a broad-based fin in which the skele¬ 
ton consists of numerous parallel bars articulating with a longitudinal axial 
series of basal elements. Such a fin is seen in the oldest sharks, and a rather 
similar structure of parallel bars (although with a reduced number of ele¬ 
ments) is found in the ray-finned bony fishes. A second type is that charac¬ 
teristic of modern sharks. Here the fin has a narrower base and greater fiexi^ 
bility, a condition presumably attained by swinging the basal axis outward 
so tWt only the anterior part of the fin attaches to the body. A third type, 
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leaf-shaped, is seen in pleuracanth sharks, in which a long, jointed axis ex¬ 
tends down the middle of the fin, with elements projecting from it on both 
margins. I'his structure (also seen in bony fishes related to tetrapod ances¬ 
tors) has been named the archipterygium because of a theory that it is the 
original type of fin. It seems, however, much more likely that this is the re¬ 
verse of the true situation and that it has evolved from a fin like that last 
considered; branching elements added behind the fin axis balance symmetri¬ 
cally those already present on the anterior margin of the fin. Distally, the 
substance of the fin may consist merely of a web of skin; usually, however, 
this web is reinforced by hard dermal structures in the shape of scales or 
horny rays. 

Pa,ired fins are generally present in placoderms. But, as will be seen, they 
are exceedingly variable in nature; in the case of fins, as of many other struc- 



Fia. 25.— ClimaUm, a Lower Devonian acanihodian witli accessory paired fins, about 3 inches in 
length. (Modified from Traquair and W^atson.) 

tures, the student of evolution who seeks generalized and diagrammatic 
ancestral types in these ancient jawed fishes is doomed to disappointment. 
An animal cannot spend its time being a generalized ancestor; it must be fit 
for the environment in which it lives and constantly and variably adapted to 
it. 

Acanthodians. —Least specialized of placoderms in general body fea¬ 
tures are the Acanthodii (Figs. 25-27), frequently but rather inaccurately 
termed ‘*s pi ny.. sharks.** These Paleozoic fishes are generally of small size, 
but a few inches in length, and usually found crushed flat in slabs of shale. 
Interpretation of their structure has therefore proved difficult. The acantho¬ 
dians were superficially sharklike in their proportions and in the presence of 
a heterocercal caudal fin. This fin type, however, appears to have been the 
general primitive one in all fishes above the placoderm level, and in other 
characteristics the acanthodians show little specific resemblance to the 
s eladiians ^ They are covered, not with isolated dermal denticles as are sharks, 
but with a complete armor of true scales, composed of bonelike material, 
diamond^shaped and of small size. A scaly covering was characteristic of 
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most ostracoderms and hence appears to be a primitive feature. It is of in¬ 
terest that the microscopic structure of the acanthodian scales is almost iden¬ 
tical with that of the ganoid scales found in many higher bony fishes (cf. 
Fig. 61 ) which appeared at a later time. Larger dermal plates, sometimes in 
a complex pattern, may be present in the shoulder region. 

The head is covered by a continuation of the dermal armor of the body. 
Here we find a series of small plates, arranged in definite patterns but not 
forming large bony elements or a shield (except for a prominent ring about 
the orbit). This is in contrast to the heavier armor found in most other Pale¬ 
ozoic vertebrates (sharks excepted). The gill region appears to have been 
covered, as in jawed fishes other than sharks, by opercular structures, pre¬ 
sumably folds of skin reinforced by small dermal plates or scales. This cover¬ 
ing, however, seems to be of an unusual nature. In the higher fish groups the 






FiO- 26. —Outline drawings of various acanthodians. Left, lateral and ventral views of Euthacanihus 
of the Lower Devonian with five supernumerary pairs of fin spines; original about 6 inches long. Upper 
right, Parexus, a Lower Devonian form about 5 inches long, with large dorsal fin spines. Lower right, 
Acanth(Hle.s of the Permian, an elongate and apparently degenerate type reaching a foot in lengtli. (From 
Watson.) 

operculum, when present, grows backward from the region of the hyoid arch, 
leaving the spiracle to open freely in front of it. Here each gill appears to grow 
a small flap, but the main operculum—^stiffened by parallel bony bars or 
rays—^grows back from the posterior margin of the jaws and covers the whole 
gill series. This suggests that the first slit still resembled those behind it— 
a suggestion confirmed by the internal structure. 

The fins are of an unusual type. All, except the caudal, are stiffened an¬ 
teriorly by dermal spines, sometimes of considerable size. In many cases only 
the spines are visible in the material; in others, however, there is evidence 
of a true fin structure. This consists primarily of a web of skiu^ attached to 
the spine; occasionally there are traces of an internal skeleton in the fin and 
of tiny scales covering its surface. Of median fins there are one or two dorsals 
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and an anal. Of paired fins there are always readily distinguishable pectorals 
and pelvies in normal position. Most acanthodians, however, exceed this 
number and have additional smaller sj)ine pairs between the major ones— 
in one genus as many as seven pairs of spines are present (Fig. 25). 

Owing to the small size and crushed t 3 T>e of preservation of the material, 
we know little of the internal structure of acanthodians. ^J"he postcranial 
skeleton is quite unknown in most forms; in a few cases vertebral ossifica¬ 
tions have been observed, 'fhe internal skeleton of the head and gill region 
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Fig. 27.—Tlie skeleton of the head and gill region of Acanthodes. In the lower figure the superficial 
dermal plates and .scales have been removed (except for a circumorbital series, co), but all deeper struc- 
tvires are shown. Jaws comparable in many ways to those of sharks (cf. Fig. 55) are present, but the 
upper jaw is ossified in three pieces (pi/o, pqa^ VQP)» the lower jaw in two (wa, mb), while the latter is 
braced by a splintlike dermal bone (rnspl). Rays (mr) extending back from the jaws presumably sup¬ 
ported an operculum. 

In the upper figure the jaws are removed to show the underlying structures. The braincase includes a 
number of ossified areas. The hyomandibular (hvi) appears to have had no contact with the jaws, and the 
presence on the hyoid arch of a comblike series of gill rakers comparable to those of other gill arches 
(gr) indicates that a fully developed gill slit lay between jaws and hyoid arch. Abbreviations: hm, ch, hh, 
bh, elements of hyoid arch—hyomandibular, ceratohyal, hypohyal, basihyal; pb, eh, cb, hh, elements of 
more posterior branchial arches—pharyngobranchial, epibranchial, ceratobranchial, hypobranchial; sp, 
sc, CO, spine of pectoral fin and elements perhaps homologous to the scapula and coracoid of the shoulder 
girdle in bony fishes and tetrapods. (After Watson.) 

is adequately known only in Acanthodes (Fig. 27), which is, unfortunately, 
a late and (^e suspect) rather degenerate genus. 

A considerable part of these structures was well ossified. There appears to 
have been a braincase of fairly normal fish build. This was ossified to a vari- 
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able degree; in Acanthodes there were several bony regions separated by 
areas in which ossification was feeble or lacking. The orbits were large, the 
snout very short, the nostrils close together near the tip of the snout—fea¬ 
tures quite unlike those of sharks but comparable to those of ray-finned bony 
fishes^ Upper and lower jaw bars were present and closely comparable in 
shape to those of Paleozoic sharks (cf. Fig. 55). In some genera there is but a 
single ossification in each jaw element; in Acanthodes, however, the palato- 
quadrate ossifies in three portions, the lower jaw in two. The mandible is 
braced by a splintlike dermal bone) The jaw is articulated with the braincase 
anteriorly, and, in some cases at least, there is a well-developed articulation 
with a postorbital process, as in early sharks.^The teeth are variably devel¬ 
oped; they are seldom present on the upper jaw, and Acanthodes was tooth¬ 
less/ The replacement teeth in each series are sometimes seen to form little 
whorls, as in many sharks (cf. Fig. 48), and there may be an especially 
prominent median whorl at the jaw symphysis. 

Back of the jaws is found a series of five well-developed gill arches. The 
last four are normal fish structures; the first, which obviously corresponds to 
the hyoid arch, lacks much of the specialization seen here in higher fish types. 
Its upper portion, corresponding to the hyomandibular, is a single rather 
than a jointed element and is somewhat enlarged. But it appears not to have 
attached to or supported the jaws; and the fact that this arch, like those be¬ 
hind it, bears on its inner margin a strong series of gill rakers indicates that a 
fully developed gill slit, rather than a spiracle, was present between jaws 
and hyoid arch. Thus we have in Acanthodes the relatively unspecialized type 
of jaw apparatus which is expected by theory in a primitive gnathostome. 

The acanthodians are apparently the oldest of known groups of jawed 
vertebrates. No complete skeletons are known from the Silurian, but bone 
beds of that period yield a wealth of spines and scales which appear to be 
acanthodian in nature. In the Lower Devonian the group had already 
reached its peak in numbers and variety, and acanthodians are one of the 
most abundant of vertebrate groups in fresh-water deposits of this age. 
Climatius (Fig. 25), Euthacanthus, and Parexus (Fig. 26) are representative 
primitive genera. The body was rather short and deep; the fin spines are 
large—^particularly so in Parexus —and from three to five pairs of e^dra fins 
were present. In other genera of this age, however, the body tends to be 
rather more elongate and the fin spines more slender, and there is little de¬ 
velopment of extra fins. Beyond the Lower Devonian, acanthodians are rela¬ 
tively rare (perhaps because of the competition of higher bony-fish types 
then abundant). They are present, however, in many Carboniferous locidi- 
ties. The last of the group is Acanthodes (Pig. 26) of the European Lower 
Permian, a rather degenerate type, with an elongate, somewhat eel-like and 
partially scaleless body and a toothless mouths 
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- The more typical acanthodians were small fresh-water dwellers. It is prob¬ 
able, however, that some of the acanthodians went to sea, as did other fish 
groups in the Devonian and Carboniferous, and there developed into forms 
of large size. In late Paleozoic marine deposits there a^’e frequently found 
isolated spines, usually classified by paleontologists as ichthyodorulites. 
Most were presumably carried by sharklike fishes higher in the evolutionary 
scale; others, however, may have pertained to acanthodians. This seems 
certainly true of Oyracanthus, a name given to a common type of large Car¬ 
boniferous fin spine. In the Middle Devonian seas lived Onychodus, known 
mainly from large dermal jaw plates containing pointed marginal teeth and 
with a whorl of large teeth between the two halves of the jaw; its status is un¬ 
certain, but it may well have been a specialized acanthodian. 

This order of early fishes shows an interesting combination of primitive 
and seemingly specialized features. The general structure of the jaw and gill- 
arch apparatus is, we may believe, a truly primitive one, from which the 
more advanced condition seen in sharks, for example, might be readily de¬ 
rived. In view of our present knowledge of fish evolution, the presence of 
internal bony structures in primitive jawed fishes is not surprising. In some 
respects, at least, the nature of the paired fins—^particularly their variable 
number—is suggestive of primitive conditions. The acanthodians were at a 
stage when vertebrates had not, so to speak, made up their minds as to how 
many fins were the proper number. 

In other respects the acanthodians show features which are less clearly 
primitive and which in some cases may well be aberrant. The prominence of 
spines in the paired-fin structures seems, at least at first sight, a specializa¬ 
tion. But it will be recalled that cephalaspids and anaspids among jawless 
vertebrates show paired spines which may be the forerunners of paired fins; 
other placoderms, as we shall see, show even greater spiny developments; 
the dorsal fins, at any rate, bore spines in primitive sharks. Possibly spine 
outgrowth may have been the initial stage in the evolution of paired fins; the 
appearance of a fin membrane behind the spine and its elaboration into a 
typical fin may have been subsequent stages in limb evolution. 

A still greater objection to the acanthodians as ancestors of more progres¬ 
sive fishes appears to be the development of an operculum which, unlike that 
of higher bony fishes, covers the spiracular region. But this operculum ap¬ 
pears to have been variable among acanthodians and may not have been 
present in the ill-known Silurian types. Apart from this feature, the acantho¬ 
dians apparently are forms which might well be close to the line of descent of 
higher Jlshes. 

AittiRMlIres. —The artJirodires—^jointed-necked fishes—are a group of 
Devoman placoderms much more prominent than the acanthodians but ap¬ 
parently much more aberrantlind destined to speedy extinction and 



46 


VERTEBRATE PALEONTOLOGY 


genetic sterility. These forms were characterized by the presence of a bony 
armor composed of two parts, one covering the head and gill region and the 
second inclosing much of the trunk, the two connected by a pair of joints. 
Peculiar bony jaws were present, and there were paired fins of some sort in 
many forms, at least. These features are well shown in such typical arthro- 
dires as Coccosteus (Figs. 28, 29) and Dinichthys (Fig. 30). The former was a 
Middle and Upper Devonian fish of modest size, reaching perhaps 2 feet in 
length, the latter, a giant late Devonian type; but, except for some features 



t'lG. 2S.— CoccostriiSf a small artlirodire of the Middle and late Devonian, roduoe<l peeloral 
spines; original about 16 inches long. (From Heintz.) g 



suggesting reduction in the dermal armor in the latter, the two WTie essen¬ 
tially similar in known structures. 

The body appears to have been of fairly normal fish shape, although rather 
broad and flat. The posterior region is adequately known only in Coccosteus, 
Scales or denticles have been found in but a few instances, and the skin may 
have been smooth and naked in most arthrodires. No trace of vertebral 

centra has been discovered, but there 
were well-ossified neural and haemal 
arches. The column tilted up at the poste¬ 
rior end, suggesting the presence of a 
hetcrocercal tail. A series of cartilages 
above the backbone indicates the pres¬ 
ence of a dorsal fin, while a ventral plate 
presumably supported an anal. 

The armor plates were of bone, often ornamented superficially by dermal 
denticles, and comprised a complex series of median and paired elements, 
which were, in general, uniform in number and position throughout the group. 
These plates cannot be homologized satisfactorily with those of higher bony 
fishes, and a special series of names, noted in Figure 30, are applied to them. 
Grooves in the surface of the plates indicate the presence of a well-developed 
lateral-line system.(The head shield consisted of a series of plates covering 
the top and sides of the cranial and gill regions^ Large paired orbits were 
present and a pineal eye as well, although this often failed to pierce the ar¬ 
mor and reach the surface^A sclerotic ring of thin, bony plates was present 
in the eyeballs. This protective structure, found in many higher bony fish 
and tetrapods, in arthrodires consisted of four elementsjtn some cases 


Fia. 29.—ventral view of Coccofdrua, 
with paired fins restored. (From Heintz.) 
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notches at the anterior end of the shield mark the position of paired nostrils. 
These are placed close together, and, as in acanthodians, there is no devel¬ 
opment of the rostrum seen in sharklike hshes.pVIost of the head plates were 
firmly united, but the plates beneath and behind the eyes and over the gill 
region were but loosely attached to the roofing bones in advanced members 
of the grou]). 



Fig. 30. — Dinichthys. Lateral, anterior, and (7, dorsal view of armor; Z), ventral shield. Mainly 
based on the large D. ter relit in which the armored region is about 10^ feet long. Lateral-line canals are 
indicated. The dermal plates of arthrodires cannot be readily homologissed with those of other vertebrates 
and have been given a series of arbitrary names, listed below with their abbreviations: a, joint between 
head and thoracic shields; adl, anterior dorsolateral; a/, anterior lateral; awt?, anterior median ventral; 
asgt anterior supragnathal; avl, anterior ventrolateral; c, central; ebt external basal; ig, inlerognathal; i7, 
interlateral; m, marginal; mb, median basal; md, median dorsal; mv, median ventral; p, pineal; pdl, pos¬ 
terior dorsolateral; p/, posterior lateral; pm, posterior marginal; pn, post nasal; pro, preorbital; psg, 
posterior supragnathal; pso, postsuborbital; pto, postorbital; pvl, posterior ventrolateral; r, rostral; s, 
spinale; so, suborbital. (Aftdr Heintz.) 

'Ae jaws were very peculiar in structure. In most cases the upper jaws 
are(represented only by two pairs of elements}the front pair usually having 
a jj^p tusklike projection, the posterior beating a long shearing edge. Be* 
kw, a single long element bearing a "Tusk” in front and a shearing edge far- 
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ther back was present on either side. "Jliese structures were very different 
from the jaws of normal fishes. The projections seen in the adult were not 
teeth but simply hard bony surfaces; in some cases young forms possessed 
pointed toothlike structures fused to the jaw bones. ^There was seldom any 
bony connection between the different parts of the jaw apparatus or between 
upper-jaw bones and the head plates.'vlt is obvious, however, that these jaw 
elements are dermal ossifications which must have been attached to deeper- 
lying structures corresponding to the upper- and lower-jaw bars—the palato- 
quadrate and the mandible. In most instances these elements appear to have 
remained cartilaginous; in a few, however, they have been preserved in a 
partially ossified condition. 

\ In most of the typical arthrodire genera no traces of the braincase have 
been found, although rugose surfaces and projections for its attachment are 
found on the under side of the skull roof^JSome partially ossified specimens 
are, however, known; and data from more primitive arthrodires in which 
ossification was more thorough show that a broad and massive braincase was 
present, comparable to that of other fish groups in general structure although 
differing much in details. 

It is certain that the posterolateral portions of the head shield covered the 
gill chambers and that these areas of the shield functioned as an operculum; 
the gills (as in bony fishes) thus had a common opening to the surface 
through the slit between the head shield and that portion of the trunk armor 
which lies in the position of a shoulder girdle. No trace of the gill structures 
has ever been described.^We may note, however, that arthrodires lack a 
spiracular opening and reasonably infer that the first gill slit—and hence 
the hyoid arch—was unspecialized, as in acanthodians.;) 

(The thoracic armor entirely surrounded the body^Dorsally on either side 
it articulated with the head shield by complicated peg-and-socket joints, in¬ 
dicating that there was a habitual movement of the head on the trunk. It is 
possible that in arthrodires (in contrast with other vertebrates in which the 
head remains fixed and the lower jaws move) the lower jaws may have re¬ 
mained relatively stationary in feeding and the head moved up and down on 
them. The thoracic armor, both above and below, extended far back over the 
trunk region; and, below, it also extended some distance forward to protect 
much of the throat. The somewhat arched dorsal shield and the flattened 
ventral plate were composed of a number of closely connected elements with 
a nearly uniform arrangement in all typical members of the order. The lateral 
bony elements connecting the dorsal and ventral shields were situated in 
what is obviously the shoulder region and have been compared with the der¬ 
mal bones in the same situation covering the pectoral girdle in the Osteich- 
thyes. 

From the sides of the shoulder region projected a fixed bony spine, fairly 
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long in Coccosieus, vestigial to absent in later and larger types. This spine 
was in the position of the pectoral fin in more normal fishes. There is evidence 
indicating that a pectoral fin, supported by short radials, was present behind 
the spine in Coccosteus (Fig. 29), Behind the shield region a plow-shaped bone 
represents a pelvic girdle; in exceptional instances traces of small (and spine¬ 
less) pelvic fins have been found associated with it. 

( Coccosteus was fairly common in the Middle Devonian and probably ranged 
from fresh to brackish waters, showing a tendency toward a marine life) A 
number of related but highly varied forms, all comparatively small and well- 
armored types, have been found in the lower part of the marine Upper De¬ 
vonian of Germany, ^hey varied widely in proportions—^some were very 
broad-headed, others had much elongated snouts, for example—and are 
arrayed in a number of distinct, although related, families. One genus {Syn- 
auchenia) shows a remarkable feature in the complete fusion of head and 
shoulder shields. In the late Devonian the arthrodires, then seemingly in¬ 
habiting brackish to salt waters, reached a climax in size and numbers.)A 
great assemblage of types has been recovered from the black shales of the 
Cleveland region. Most common is Dinichthys, which reached a length es¬ 
timated at 30 feet.(ln this giant type, in contrast with Coccosteus, the armor 
was shortened, on both the head and the trunk; the shoulder spine was tiny 
or absent; an unprotected gap developed between the two shields; and the 
bones tended to be proportionately thinner and more loosely attached to one 
another, ^hese changes were also present in great measure in a number of 
other contemporary forms. Some were smaller than Dinichthys, but Titanich- 
thys was even larger, and the average size had greatly increased since Middle 
Devonian days. The jaw apparatus varied considerably; Myhstoma had 
even developed crushing plates for mollusk-eating^ In all, however, a reduc¬ 
tion in the area covered by the armor and a reduction in its relative (al¬ 
though not absolute) thickness seems to have occurred with increase in size 
and tendency toward a marine life. This late Devonian climax marks the 
end of the group, for no arthrodires survived into the Mississippian. 

Early arthrodires. — Arctolepis (Fig. 31) and Phlyctaenaspis are repre¬ 
sentative of a group of small and early arthrodires. These are mainly Lower 
Devonian fresh-water types, and there even appear to be traces of such forms 
in the late Silurian. They are thus among the oldest of gnathostomes.iTbl 
arctolepids had a head shield much like that of later arthrodires but with the 
eyes far forward; plates bordering the mouth have never been discovered^^ 
The stout thoracic shield was elongated and rather flat, and only in seem¬ 
ingly advanced forms are there indications of a division into sepai‘ate ele¬ 
ments. The trunk armor extended nearly as far back at the sides as it did 
above and below, whereas in forms from the late Devonian upper and lower 
shields were almost separate. The bones comprising the armor are fused with 
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one another, and sutures are rarely seen^A conspicuous difference from later 
types was that, instead of small spines at the side of the shoulder region, 
there were long, hollow, curved cone-shaped projections of the armorJlThese 
fixed structures would have been a hindrance rather than a help in swim¬ 
ming; the rather flat build of these fishes suggests that they were bottom- 
living forms, and these winglike projections may have been of use in wrig¬ 
gling upstream against a current^ Little is known of the posterior part of the 
body; there is, however, evidence suggesting that, in contrast to later arthro- 
dires, scales may have been present. 

Aberrant arthrodires. —The forms so far described are such as appear 
to comprise the main line of arthrodire evolution. From this there were, how¬ 
ever, many divergent branches during the Devonian. Some of these consist 
of forms in which the body tended to assume a dei)rcssed shape, giving rise 



Fia. 31 Flo. 3‘2 

Fig. 31.—Dorsal view of Arciolcpis^ a primitive arihroclire ^^illl eiiorniou.s pectoral appcti(Jfijjes. 'I'lic 
jaw elements are unknown. (After Heintz.) 

Fig. 32.—^Dorsal view of the armor of Hom)stius, a large flat-bodicd arthrodire with long cratiial and 
short trunk armor. (After Heintz.) 

to sluggish bottom dwellers, Holonerna is representative of a family in which 
the body was moderately depressed and the trunk armor much elongated, 
Homostius (Fig. 32) and Heterostius are much more flattened, but with a dif¬ 
ferent type of specialization of the armor. The head shield is greatly elon¬ 
gated posteriorly, suggesting an expansion of the gill chambers; the pectoral 
armor, on the other hand, is quite short dorsally, although the ventral ele¬ 
ments of this series extend far forward beneath the head. The jaws were weak 
and slender; as in advanced arthrodires the pectoral spines were lost. These 
forms grew to large size. They appear to have lived in brackish estuarine 
waters, and are frequently found in the Baltic region in later Devonian de¬ 
posits, which appear to be of this origin. A still more peculiar depressed type 
is Phytlolepis (Fig. 34), common in the Upper Devonian and readily rec- 
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ognized by its plates, which are ornamented with fine concentric lines. This 
form was so depressed and featureless that it was long thought to be an os- 
tracoderm allied to Drepanaspis; and it is only recently that it has been rec¬ 
ognized as a degenerate arthrodire which has lost much of its head armor 
except for an enlarged median element. The thoracic armor, with stout j)cc- 
toral spines, persisted, however. 

Ptyctodonts.—The name Piyctodus has been applied to small bony 
plates, often no larger than a date pit, found in late Devonian deposits.) 



Fig. tiS. — Rhamphodopsia, a ptyctodoiil arthrodire, about natural size. (After Watson.) 

Usually a hardened area is to be found on one surface, suggesting that they 
were grinding jaw plates of a small fish of some sort. It was once thought 
that they pertained to chimaeras, sharklike types with somewhat similar 
tooth plates; but these forms appear much later in geologic history. Some 
Devonian ptyctodont plates were much larger and more like those of arthro- 
dires, and in Rhamphodopsis, a related genus (Fig. 33), skeletal remains are 
known. It is clear that we are dealing here 
with arthrodires, although arthrodires of a 
rather peculiar type,The posterior part of 
the body was naked except for a few scales 
above the heterocercal caudal fin; one, per¬ 
haps two, dorsals were present; a pelvic girdle 
and a scale-covered pelvic fin occur rather 
far forward on the body. There is a set of 
thoracic armor plates in the shoulder region, 
comparable in general construction to those 
of normal arthrodires but rather narrow. Lat¬ 
erally, there is a large pectoral fin spine like that of primitive arthrodires. 
Dorsally, the shoulder plates support a large spine, which may have acted, 
as in acanthodians, as a cutwater for an anterior dorsal fin.) 

The shoulder armor articulates with a head shield comparable in part to 
that of normal arthrodires, but much reduced in extent. In the mouth lay 
stout upper and lower dental plates.^rhe upper and lower jaw bars, to which 
the plates were attached, were partially ossified and were preserved, al¬ 
though imperfectly. Of great theoretical interest is the fact that the hyoid 



Fio. 34.— PhyUolcjdft, a degenerate 
laic Devonian artlirodire about J 
natural size. (From Smith Woodward.) 
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arch elements have been identified as a set of slender bones which obviously 
played no part in jaw support—the placoderm condition, which is assumed 
to be present in all arthrodire types, i 

The structures seen in Rhamphodo'pds indicate clearly that in the ptycto- 
donts we are dealing with a somewhat aberrant group of arthrodires which 
had taken to eating mollusks or some other type of hard invertebrates as 
food. In most respects it is not difficult to derive the ptyctodonts from the 
arctolepid arthrodires. The only unusual feature is the large dorsal spine, 
'^rhis is suggestive of a fin spine of the type seen connected with acanthodian 
dorsals; the pectoral spines, too, resemble those of acanthodians much more 
closely in their shape and ornamentation than do those of other members 



Fig. 85. — Maeropetediokthys, an armored Devonian form related to the arthrodires. Lefty dorsal view 
of head armor; righU the underlying braincase. The position of the lateral-line canals is indicated. Ab¬ 
breviations: By opening of endolymphatic duct from inner ear; <7, position of gill chamber beneath lateral 
back cortiers of shield; o, orbit; /?, pineal. Original about 9 inches long. (After Stensib). 


of the order JPossibly very early arthrodires bore spines on other fins than 
their pectorals and thus resembled the acanthodians more closely than do 
characteristic arthrodire genera^ 

Macropetalichthys.—The genus Macropetalichthys (Fig. 35) has been 
known for a century from head shields found in various marine formations 
of Devonian age. This shield is rather generally comparable to that of arthro¬ 
dires, although there are differences in the aiTangement of its component 
plates. Beneath this shield there have been found in a few specimens re¬ 
mains of the partially ossified braincase^ from which much of the structure 
of the head, including brain, nerves, and blood vessels, has been made out. 
This structure lay below the anterior two-thirds of the bony head shielc^ 
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posteriorly an extension ran back to connect with the front end of the verte¬ 
bral column, while cavities containing blood vessels show that the gills were 
located under the back part of the shield on either side0r'he braincase is very 
broad and resembles that of the arthrodires, as far as they are knowii^ 

Until recently no further remains of Macropetalichthys had been identified. 
We now know, however, that behind the head shield this fish carried a set of 
thoracic plates with large pectoral spines very similar to those of arctolepid 
arthrodires. In a related Lower Devonian genus, Lunaspis (Fig. 36), the 
entire body has been recovered; unlike the arthrodires, the body of this fish 
was completely covered by large scales. It is obvious that the Macropetalich¬ 
thys group is closely related to the arthrodires, with comparable armor. But 
the presence of body scales is a 
feature (presumably primitive) not 
seen in that group. And a^ack of 
well-formed articulations between 
head and thoracic girdle, differences 
in plate arrangements of the bony 
elements, etc., suggest that it is 
perhaps better to place these forms 
in an order separate from (although 
related to) the arthrodires them¬ 
selves.^ 

Antiarchs. —Likewise related to 
the arthrodires but even more 
specialized were the members of the order Antiarchi, small but abundant 
Devonian fresh-water forms. The first representatives of the group are found 
in Middle Devonian strata where Pterichthyodes [Pterichthys] (Figs. 37, 39) 
and Asterolepis are the common types, while, in Upper Devonian deposits, 
Bothriolepis (Fig. 38) is very numerous; the group disappeared without 
leaving any descendants in rocks of later times. 

The posterior portion of the trunk and tail was rather normally fishlike in 
appearance, scaled in Pterichthyodes but naked in Bothriolepis^ with a hetero- 
cereal caudal and one or two dorsal fins. The anterior portion of the body 
was covered with an armor structurally similar to that of arthrodires and 
similarly divided into head and trunk portions. The under side of the solid 
box formed by the armor was flattened, but the thorax was arched, with a 
decided peak at the top. The head shield was quite short and composed of a 
number of plates not readily homologized with those of arthrodires. The two 
orbits, with the pineal eye between them, were situated close together on the 
top of the head and directed upward. This gave an appearance somewhat 
like that of Cephalaspis but only indicates that we are again dealing with 
bottom-living fishes. The nostrils were placed close together on the upper 



Fio. ;J(>. I.unaspi.s^ a l/ower Devonian member of 
Ihe M aeropr.falichtfty.s gronp, seen in dorsal view; I lie 
armore<l region is crushed flat and ihe wddth hence 
eKaggerated. (After Hroili and Dross.) 
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surface of the shield not far in front of the eyes. The preserved jaw parts 
consist of small transversely placed plates of bone even more aberrant in ap¬ 
pearance than those of arthrodires. The gills were located under somewhat 
movable plates at the back corners of the head shield. 'Phe arrangement of 
the elements of the body shield was quite similar to that found in primitive 
arthrodires and suggests a close relationship to those forms. Apparently this 
shield extended nearly the full length of the trunk. 

In some specimens traces of soft internal structures have been preserved. 
It is certain that the intestine resembled that of sharks, dipnoans, and other 
primitive fish types in containing a characteristic spiral valve. Of great in¬ 
terest are distinct traces of a pair of large sacs connected with the floor of the 



Fig. S7,—Pterichthi/odes [Pterichthi/.'f], a scale-covered Middle DevoTiian anliarcli, origin.'il nhoul 0 
inches long. (After Truquair.) 



Fig. 38. —Lateral view of the tipper Devonian antiarch, Bothriolepi.s, a form with a sc.'ilelcss trunk and 
tail. (After Patten and Goodrich.) 

pharynx. These can be interpreted only as lungs. Such structures, we believe, 
were present in early bony fishes of all sorts, but they are absent in sharks 
and have been thought to be a relatively late development in fishes. The evi¬ 
dence from the antiarchs suggests, however, that they may have arisen at a 
much lower stage in vertebrate evolution than had been suspected. 

Folds of skin found at the posterior end of the trunk shield in Bothriolepis 
may represent pelvic fins, but this is doubtful. In the shoulder region we find, 
as we do in primitive arthrodires, prominent projecting bony structures. But 
^in arthrodires these projections are fixed spines; here they are freely movable 
appendages composed of a large number of plates, with more the appearance 
^f arthropod limbs than those of a normal vertebrate. Internal skeletal struc¬ 
tures are present in the proximal part; there is a well-developed articulation 
with the shouldfT region and (except in one instance) a second joint halfway 
toward the pointed tip. 
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These small fishes appear to have been bottom-living forms, perhaps 
crawling about with their peculiar flippers more than swimming. With their 
small mouths and weak jaw apparatus they presumably fed either on small 
invertebrates or on soft vegetation. I'he antiarchs are surely related to the 
arthrodire stock but have become even more specialized than have the mem¬ 
bers of that remarkable order. 

Stegoselachians.—'J'he ordinal term Stegoselachii—“armored sharks’’— 
is used here as a heading under which to discuss a small series of unusual 
Devonian fishes, most of them recently discovered and poorly known.'All 
the specimens are from salt- or brackish-water deposits, and most of them 
from the Lower Devonian of the Rhine region; they appear to represent one 
of the earliest movements of vertebrates into a marine environment.)Because 
of their unusual characters and the rarity of their remains, they are very 
difficult to place. Their general ap¬ 
pearance suggests that of the skates 
and rays. 'Jliis resemblance can, 
however, be but a superficial one, 
for the stegoselachians far antedate 
these modern forms. The surface of 
the skin is denticulate, but over 
much of the body there are armor 
plates and scales, to which these 
denticles were attached. The gill 
chambers were covered; there is no 
evidence of a separate spiracular 
opening; and the jaws appear to 
have been short and probably lacked 
hyoid support. Presumably, then, we are here dealing with a group of placo- 
derms, despite the great difference in appearance from the orders previously 
described. ^ 

/ Gemuendina (Fig. 40) is the best-known member of the group}, a number 
of specimens have been found in the Lower Devonian of the Rhinelandf The 
body was broad; the extraordinarily developed pectoral fins, supported by a 
series of long radials, give the creature a very skatelike appearance. Pelvic 
fins of more modest size were present, and beyond this a tapering tail covered 
with rows of scales. A small spine marks the position of a single dorsal fin. | 

The body is, for the most part, covered superficially by a series of star¬ 
shaped tubercles which have the appearance of sharklike dermal denticles 
Closer study, however, shows that these are not separate structui’es but the! 
surface of dermal plates. Over much of the body and portions of the head' 
these plates are tiny mosaic elements; larger plates are, however, present 
anteriorly. A median head plate covers the braincase, and there are several 



Fig. 159. Dorsal and ventral views of the armor 
of P/.er/c/d/<t/ode.v. The elements of the thoracic armor 
are comparable to those of arihrodires (cf. Fig. 30). 
(After Traquuir.) 



56 


VERTEBRATE PALEONTOLOGY 


paired lateral cranial elements. In the shoulder region the structure is difli- 
cult to determine, but there is a set of broad pectoral plates comparable in 
a general way to those of arthrodires. 

The eyes faced dorsally and were placed close together on the top of the 
flat head, and the paired nostrils were likewise dorsal in position; the arrange* 
ment of these sensory structures superficially resembled that of antiarchs. 
The mouth was terminal and armed with stellate and pointed teeth resem¬ 
bling the tubercles of the body covering. Gill chambers presumably occupied 
much of the lateral regions of the “head.” 

The ossified braincase (better preserved in related forms from the later 
Devonian) was a relatively long and slender structure, contrasting in shape 



Fr<r. 40.—Dorsiil and venlral views of a l^ower Devonian skatelike stegoselacliian. Original 

about 9 inches long. (After Kroili.) 

with that of arthrodires. 1^hei*e was a well-developed articulation with the 
vertebral column; this last structure is unusual in that it appears to have ha<l 
,well-ossified centra for at least part of its length. 

Several other specimens from the same Lower Devonian deposits are of 
fishes which appear to be of a somewhat similar nature. Stensiodla (Fig. 41) 
is known from a single specimen seen in dorsal view. It has a tubercular skin 
covering and a plate-covered head region, as in Oemmndina, and well-devel¬ 
oped, fan-shaped pectoral fins are present. But these fins are much smaller 
than those of (semuendina; the eyes are more lateral in position; the nostrils 
do'not appear on the roof of the skull; and there is no evidence of pelvi^fins. 
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Pseudopetaliehthys (Fig. 42), from the same beds, appears to be a similar fish, 
seen from the ventral side. There are pectoral and pelvic girdles and the 
skeletons of paired fins, which might have been quite similar to those of 
Gernuendina or Stensioella, Ossified gill bars and peculiar broad, short jaws 
are preserved; there is no evidence of support by a specialized hyomandibu- 
lar.) 

'J'he stegoselachian skeletons just described are all from the Lower De¬ 
vonian. In later marine rocks of that period there are a few fragmentary re¬ 
mains of forms related to Gernuendina; in the early Mississippian a single 
imperfect specimen perhaps represents a final member of the order. 

Our knowledge of the group is far from satisfactory, and its position in 
fish history is deliatable. However, the jaw structures appear to be primitive 



Fk;. 41. --Dorsal view of Ihe stegosclaeliian .SV<v?.v»or//o; about J natural size. (From Broili.) 



Fig. 42.—V^entral view of Pncmhpctxiiichthf/if, a stegoselachian, about half natural size. Beneath the 
head region are seen peculiar jaws and a set of branchial arches. Pectoral and pelvic girdles are present 
and remains of the associated fins. (From Broili.) 

and in the placoderrn grade of development; the presence of head and shoul¬ 
der armor suggests relationships with the more heavily armored placoderms. 
Not improbably the stegoselachians were placoderms in which spiny append¬ 
ages had been lost, armor was undergoing reduction, and the development 
of fins was greatly accelei'ated. Some further reduction in the hard skeleton 
would produce very sharklike types. These odd fishes may not be shark an¬ 
cestors, but they closely parallel the conditions which we should expect in 
the ancestry of that probably degenerate group. 

Pal90O8pondylu8.—From a single quarry in Scotland containing shales 
of Middle Devonian age have come numerous examples of Palaeospondylus 
(Fig. 43), a tiny animal with a long name, which may be considered as the 
sole member of the order Palaeospondyloidea. In structure it is far removed 
from any other early fossil types. There is no trace of deniial armor of any 
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sort, but a considerable series of ossified internal structures has been pre¬ 
served. There are small plates which appear to have been girdles for paired 
fins; however, little, if any, trace has been seen of the fins themselves. There 
was a well-developed caudal fin. While the backbone in most early verte¬ 
brates appears to have consisted largely of ordinary cartilage and is hence 
inadequately known, this tiny form had well-preserved ring-shaped centra and 
neural arches. There was a well-developed braincasc with otic capsules at the 
posterior corners, and in the center a trough for the brain, roofed at the rear; 
anteriorly, a series of projections stiffened the rostrum in the presumed nasal 
region. On the under side of the skull is a series of distinct paired elements of 




Fig. 43.— Palaeonpoudylus, a .small and problematical Middle Devonian fisli. Left, dor.sai view of tlie 
skeletal structures of the head region; centery ventral view of the same. Dorsally is seen a troughlike 
cranial cavity (CC), roofed posteriorly in the region of the auditory capsule iAP). Henealh the brain> 
case are structures difficult to interpret; however TA is probably a ventral braincasc structure; //A*', PG, 
ATy HP, GAy and PT may be parts of a peculiar jaw apparatus; UY is presumably an unspecialized 
hyomandibular; Oily the ceratohyal; SB, a basibrancbial; BA and PL more posterior branchial struc¬ 
tures. Right, the entire fi.sh, the original about inches long. PC, Presumed pectoral girdle; PV, pelvic 
girdle; NAy neural arch; CE, centrum; UA, haemal arch; neural spine; HS, lincmal spine. (After 
Moy-Tliomas.) ^ 

varied shapes. 'J'hcsc are difficult to interi)ret but Jiiay represent jaws and 
gill arches modified for some unusual mode of life. The more anterior sets of 
these structures are presumably upper and lower jaws; back of them, slender 
bars may represent the hyoid arch in the simple placoderm condition. 

"J'he relationships of this little form have been the subject of endless argu¬ 
ment. One suggestion is that it was the larval form of some contemporary 
fish. But usually the vertebrae of small embryos are cartilaginous, and the 
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vertebrae of Palaeospondylus are better preserved than those of any of its 
large contemporaries. It has been considered as an agnathous type, but such 
features as the presumed limb girdles tend to rule out this conclusion. It is 
perhaps best to regard it, for the time at least, as a placoderm in which reduc¬ 
tion of the armor has reached the end of the story with the complete loss 
of dermal bone. ^ 

The evolutionary position of placodermsT—As reviewed above, the 
placoderms are a heterogeneous collection of archaic fishes, widely varied in 
appearance and structure^ They possess, however, a number of common 
features of importance—the presence of bone in the internal skeleton and 
usually externally as well; the general presence of paired limbs, pectoral and 
pelvic; and the evidence still further points to the presence generally of a 
jaw apparatus of a relatively primitive type. 

Most of the major groups of placodenns appear at the beginning of the 
Devonian. We know little of their ante ceden^j;nothing of any Silurian type 
which could have been a common ancestor.^ ut from a general consideration 
of placoderms we can perhaps gain some vague idea of what this ancestor 
must have been likci Presumably there would have been a considerable de¬ 
gree of ossification, both internally and externally. The posterior part of the 
body was probably scale-covered, the anterior part armored. The presence 
of a series of bony shoulder plates separate from the head in almost all 
known placoderms suggests that a similar bipartite arrangement of the 
armor was present in the ancestral forms. Within the cranial armor, primi¬ 
tive jaws would have been in process of development; along the body, paired 
and median spines might have been present as an initial stage in fin develop- 
inent^ No archaic Silurian fish of this sort has as yet been discovered, but 
many of the features to be expected in this hypothetical ancestor are found 
among the known ostracoderm groups. 

/ It is reasonable to assume that the ancestors of the higher bony fishes 
passed through a placoderm stage in their development, but it is not clear 
that any of the known placoderm orders represent these ancestors. The 
sharklike fishes did not appear until relatively late in the Devonian, and it is 
not impossible that their ancestry might be found to lie among the stego- 
selachians, were that group better known. Although there are some sugges¬ 
tive resemblances between acanthodians and ray-finned bony fishes, we can¬ 
not derive the Osteichthyes from Devonian placoderms, for the first of the 
higher bony fishes appeared near the beginning of the period. The presence 
of an operculum combined with the absence of a separate spiracular opening 
is a stumbling block to the theory that higher fishes originated from placo- 
dermy But this is not an absolute obstacle. The operculum may not have 
been highly developed in Silurian placoderms; and, in sharks, spiracular 
specialization may have occurred subsequent to the loss of a gill covering. 
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SHARKLIKE FISHES 

W ITH the sharks and their relatives we i-each Uie evolutionary 
level of modern types of jawed fishes—forms in which the jaws 
are highly developed, with accompanying modifications of the 
hyoid arch and spiracular gill slit, and in which the fins and general body 
structures are built on a more familiar and “orthodox” plan. Such higher 
fishes are, as far back as our knowledge of them goes, readily separable into 
two well-defined groups, which may have developed independently, in par¬ 
allel fashion, from placoderm ancestors. These groups are the class Chon- 
drichthyes, treated in the present chapter, and the Osteichthyes, the higher 
bony fishes. 

Shark characters.' —The Chondrichthyes, the c*artilaginous jawed 
fishes, include the sharks and their close allies, the skates and rays, forming 
the subclass Elasmobranchii, and, in addition, the subclass Holocephali, 
represented in modern seas by the peculiar chimaeras. As far as their recent 
representatives are concerned, at least, there are numerous common ana¬ 
tomical characters which readily distinguish them from the Osteichthyes. 
One obvious feature is that in modern sharks and chimaeras the males bear on 
their pelvic fins projecting claspers which aid in the internal fertilization 
appropriate to the large-yolked, shell-covered gggs characteristic of the 
group. Lungs are absent—a feature presumably associated with a contrast 
in the environmental history of the two higher fish groups. A majority of 
modern bony fishes are marine types, but it is generally agreed that they 
entered the seas at a relatively late date and that their early, lung-bearing 
ancestors were fresh-water forms. It is quite otherwise with the Chondrich¬ 
thyes. Apart from one rather aberrant Paleozoic family and occasional later 
“strays,” the cartilaginous fishes appear to have been ocean dwellers since 
the beginning of their known history. The general story of fish evolution 
suggests that their ancestors dwelt in inland waters; but the advent of shark¬ 
like fishes into the sea was certainly early and was accompanied by special 
structural and functional adaptations to a saline environment quite different 
from those evolved (presumably at a later date) by marine bony fishes. 
Skeleton. —Most distinctive of the class, however, is the feature implied 
in the name of “cartilaginous fishes”—^the nature of the skeleton. We have 
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seen a great development of bone among ostracoderms and placoderms and 
will find bone the dominant skeletal element in adult animals among the 
vertebrates considered in later chapters. In the Chondrichthyes bone is 
utterly absent. The internal skeleton is purely cartilaginous. These cartilages 
are, in many cases, calcified, but they never show true bone structure. The 
dermal skeleton is likewise strongly reduced. Dermal denticles, correspond¬ 
ing to the superficial ornaments of bony plates, may be present; teeth may be 
abundant and varied; spines of one sort or another are not uncommon; but 
never are there dermal bones or bony tissues of any sort. 

It will be noted that this condition of the skeleton renders the study of 
chondrichthyan history a difficult matter. Throughout the geological range 
of the group, finds of isolated teeth and spines are not uncommon; but unless 
tliese are similar to types found in modern forms, it is difficult, sometimes 
impossible, to deduce the nature of the animal which bore them. Calcified 
braincases or vertebrae are found, but found all too infrequently; ordinary 
cartilage disintegrates too rapidly to be readily preserved. It is, thus, only 
under exceptionally favorable conditions that we can gain any idea of the 
general organization of extinct types of sharklike fishes, and there are many 
dubious points in the history of the group. 

In past times it w^as generally assumed that the absence of bone in the 
('hondrichthyes was a primitive condition and that the sharks represented 
an evolutionary stage antecedent to that of the bony fishes. This assumption 
appears, at the present day, to be a highly improbable one. Bone, as we have 
seen, appears in groups much lower down the evolutionary scale; and if we 
believe the sharks to be primitive in this regard, we must believe, rather im¬ 
probably, that bone was evolved a number of times by the vertebrates. Nor 
are the sharks, as one might expect on this assqpaption, an early group geo¬ 
logically. I'hey are, in fact, the last of major fish groups to appear in the fos¬ 
sil record. No member of the class is definitely known before the middle of 
the Devonian; even Osteichthyes arc present in Lower Devonian strata. It 
might be argued that absence of an earlier record is due to the fact that the 
ancestral sharks were soft-bpdied and not preserved. But the first sharks 
were far advanced in the evolution of jaws; and it is difficult to believe that 
the teeth of these supposed earlier forms should have escaped our attention. 

The record, in fact, fits in better with the opposite assumption: that the 
sharks are degenerate rather than primitive in their skeletal characters; 
that their evolution has paralleled that of various other fish types in a trend 
toward bone reduction; and that their ancestry is to be sought among primi¬ 
tive bony, jaw-bearing fishes of the general placoderm type. No well-known 
placoderms can be identified as the actual ancestors of the Chondrichthyes. 
An approach to such an ancestral type is seen in the acanthodians, however, 
and we have noted that some of the peculiar stegoselachians appear to show 
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morphologically intermediate stages in skeletal reduction. Increasing knowl¬ 
edge of Lower Devonian placoderms may some day bridge the gap. 

Primitive elasmobranchs.—The Chondrichthycs, living and fossil, ap¬ 
pear clearly separable into two subclasses, the Elasmobranchii and the 
Holocephali. Of the two, the elasmobranchs—the sharks and related types ~ 
are not only the better known but appear also to be more primitive in nature 
and therefore merit first consideration. 

The oldest geological record of the sharks is in American Middle Devonian 
beds, in which are found a few specimens of the type of tooth known as 
Cladodus (Fig. 44), a type characteristic of various early elasmobranchs. 
These teeth are found in considerable numbers in Carboniferous rocks and 
finally disappear in the early Permian. 'J''hey consist of a tall central cusp 



Fig. 44. — Above, Cladodus teeth from the late Devonian and Carboniferous; below, pleuracanth teeth 
from the Permian. Somewhat reduced. 

Fig. 45. — Cladoselache, a late Devonian sharklike fish. Original specimens range from about 1.^ to 4 
feet in length. In addition to the normal paired fins, a pair of horizontal “rudders” may be noted at the 
base of the tail fin. Some specimens, at least, had a spine in front of the first dorsal fin; whether one was 
present on the second dorsal is uncertain. (From Harris, partly after Dean.) 


with a broad base on which are found one or more pairs of smaller lateral 
tubercles. 

In the Cleveland shales of the late Devonian an exceptional type of preser¬ 
vation has given us numerous specimens of Cladoselache, a shark possessing 
this tooth type, in which much of the body structure can be made out (Figs. 
45, 46). This form is found in nodules in which are preserved not only the 
remains of the teeth and calcified cartilages of the skeleton but also impres¬ 
sions of the skin and body outline, and even traces of such soft tissues as 
muscle and kidney. There were two dorsal fins, each with basals and radials 
consisting of parallel rods of cartilage. These fins have usually been thought 
to be spineless, but it has recently been discovered that dorsal-fin spines 
were present in at least some individuals. The tail fin was very markedly 
heterocercal, the posterior end of the vertebral column tipping sharply up¬ 
ward. Well-developed pectoral and pelvic fiins were present, the former much 
the larger, while far back at the base of the tail fin and just in front of the 
supposed position of the anus was a pair of outgrowths from the side of the 
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body, seemingly a third pair of fins, absent in later sharks. Like the median 
fins, the pectorals (Fig. A) and pelvics had a skeleton in which the pro¬ 
jecting portion—the radials—consisted of long, unjointed, parallel rods of 
cartilage. The basal portion of the fin is elongated anteroposteriorly, some¬ 
times consisting of discrete blocks of cartilage forming an axis within the 
body wall, sometimes consisting of a single fused basal structure. The fin was a 
very broad-based flap, with limited possibilities of motion. It is quite probable, 
as we have previously noted, that this is a very primitive type of fin struc¬ 
ture from which may have arisen, by a constriction of the base, the fan¬ 
shaped fin of most later sharks and even the leaf-shaped appendage of a 
number of Paleozoic fish types. We have seen ^ 

that in those placoderms in which the fins are 

known, the parallel-bar structure is common. / K 

There, however, the fin is typically developed Ml %/f 

behind a prominent spine. In Cladoselache the O 

paired fins are spineless; but it is possible that I \ 

the spineless condition is a secondary one. It / /7 j •' \ m 

may be emphasized that no trace has been found / y •S7 // U y \ 

in Cladoselache of the claspers which are char- // h] f W \\ 
acteristic of later shark types. I .'41 rh U\ • Al 

The braincase and jaws are fairly well known; // /j j . \ . ! 

they were very similar to those seen in Pleura- / ' '4/1/ j V^W • 1 

canthus and illustrated in Figure 55. The jaws j ( ///J jl 1 

were amphistylic. They were supported, in ^ ml 
part, by a moderately developed hyomandibu- yy/Jj L 
lar. In addition, the upper jaws articulated ^7mi 

with a prominent postorbital process, and there ^ Xy/ 

was apparently an additional articulation with ^ ^ 

the base of the braincase farther forward. This | 

type of jaw suspension is apparently the primi- 

live one for elasmobranchs but is very uncom- ci^^elaoh. to 

mon in modern sharks. There were large paired show the ventral segments of the 
eyes, with concentric rows of denticles about branchial arches and the jaws seem- 
them, and paired nostrils. Behind the jaws f 

(Flg. 46) lay the hyoid and five succeeding cated by dotted outlines; the orbits, 
branchial arches. seen laterally, are surroundetl by 

The essential features of Cladoselache are 
repeated in another sharklike fish of equal 

antiquity— Ctenacanthus, present from Upper Devonian to Lower Per¬ 
mian; its characteristic fin spines are found abundantly in the Carbo¬ 
niferous. In Ctenacanthus very stout spines, with numerous beaded, longi¬ 
tudinal ridges, acted as cutwaters for the dorsal fins. The dentition—of 
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Cladodus teeth—was identical with that of Cladoselache; the paired fins were 
of similar structure, except that the radial elements were segmented, as in 
modern sharks, rather than single rods. It is probable, however, that there 
was a normal anal fin rather than the peculiar paired structures reported here 
in Cladoselache, 

Cladoselache and Ctenacanthus may be considered as representative of a 
very primitive order of sharklike fishes, the Cladoselachii. The amphistylic 
jaw suspension, the broad-based fins, and the absence of claspers are diag¬ 
nostic and primitive characters. It is not improbable that the cladoselachians 
are close to the base of the entire chondrichthyan assemblage. 

Hybodonts.—The ancient cladoselachians became extinct during the 
Permian; they were replaced by more progressive sharks, presumably de¬ 
scended from them, which appear to have come into existence at the end of 
the Devonian and flourished in the late Paleozoic and the Mesozoic. These 
sharks—the hybodonts—form an intermediate stage in selachian evolution. 



Fia. M —liyhodm hauffianu.s, a Mesozoic shark; original about 7^ feet long. (From Sinilh \N ooil- 
ward.) 

They differ from the typical modern forms in that the amphistylic type of 
jaw support is retained; they had, however, advanced considerably as re¬ 
gards their paired fins. The latter were, as in living sharks, flexible, narrow- 
based structures rather tham rudder-folds. Seemingly, this more flexible type 
of fin had evolved from that of cladoselachians by the freeing of the posteri¬ 
or margin from the body wall so that the basal elements project outward 
into the fin itself. These basal elements in the pectoral fin usually consist, in 
both hybodonts and modern shark types, of three elements—^propterygium, 
mesopterygium, and metapterygium, the last the most important of the 
three; the pelvic fin is similarly built but usually simpler in structure. An 
important feature is the fact that claspers (Pig. 24, D) had developed on the 
pelvic fins of the males. These structures are present in all the sharks yet to 
be considered (as well as the skates and rays derived from them)^ and cause 
us to separate all these forms as an order, Selachii, from the archaic 
cladoselachians. 

Best-known of primitive selachians is Hyhodus^ a common Mesozoic shark 
(Figs. 6,24,47). The general appearance is, for the most part, quite similar to 
that of cladoselachians, and a striking resemblance to Ctenacanikas lies in 
the fact that the dorsal fins and their spines are almost identical in nature 
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(the striated spines can be distinguished, however, by the smooth rather than 
beaded ridges). The braincase is somewhat shortened, after the fashion of 
modern sharks; the jaws are, however, still typically amphistylic. 

The dentition shows some variation in the hybodont group but tends to 
adhere to a single general pattern. The teeth are readily derivable from those 
of the Cladodus type. Those near the front of the mouth are generally sharp- 
cusped. Farther back in the jaws, however, the cusps are usually low'er, often 
blunt, and sometimes completely reduced, so that a low, rounded crown is 
produced. In all sharks replacement teeth are formed in rows inside the jaw 
and gradually swing up into place (Fig. 48). In hybodonts it appears prob¬ 
able that a number of replacement teeth in each row were exposed and fimc- 
tioning at the same time. I'his feature, together with the flattening of the 
back teeth, results in the development posteriorly of broad triturating sur- 



Fro. 48.—The Leelh of primitive .selachians. /<, Orodius (Carboniferous), crown view of a tooth series 
(Xi); 5, same, lateral view; C, Edestus (Carboniferous) tooth whorl, reduced; P, Hybodus (Triassic) 
natural size; E, section through the jaw of a Recent shark to show a crowded row of replacement teeth; 
F, a tooth whorl, presumably placed in the jaw symphysis of the Permian Helicoprion (reduced)—the 
earlier teeth were not shed as in typical sharks but were apparently retained and buried in the inner part 
of a complex spiral of replacing teeth. (C after Dean; £?, F from Smith Woodward.) 

faces, suitable for crushing mollusks; the numerous sharp anterior teeth were 
used for seizing prey. A wide variety of food was thus avaOable to the hyb¬ 
odonts. 

Hybodus is a Mesozoic form; a number of sharks of this sort were present 
during that era and were especially common in the Jurassic. They were, 
however, a much older group. There are a few teeth which may be hybodont 
in nature in the Upper Devonian, suggesting that at an early date the hyb¬ 
odonts had evolved, through tooth and fin modifications, from the primi¬ 
tive cladoselachians. In the Carboniferous, teeth and spines of Orodus and 
other genera are not uncommon finds. 

In many hybodonts (as in such older fishes as acanthodians) there ap¬ 
pears to have been a central series of teeth in the mid-line of both upper and 
lower jaws; and in some late Paleozoic genera, as Edesius and Helicoprion 
(Fig. 48), these symphysial whorls may be highly developed. In Helicoprion 
the teeth, in contrast to usual shark conditions, did not drop out after they 
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had reached the edge of the jaw but curved downward and inward to form 
the core of a complex growing spiral. In some of these forms the microscopic 
structui’e of the teeth resembles that of the Ifolocephali, discussed later, and 
it may be that this group of peculiar fishes has originated from the hybodont 
group. 

In the Carboniferous seas, cartilaginous fishes were abundant—predaceous 
cladoselachians and a wide variety of mollusk-eating holocephalians, as well 
as the omnivorous hybodont sharks. Most of these types disappeared before 
the end of the Paleozoic. This may be correlated with a marked change at 
this time in the nature of the marine invertebrates, a change to which these 
sharks, directly or indirectly dependent upon them for food, failed to adapt 
themselves. Only the seemingly versatile and omnivorous hybodonts sur¬ 
vived into the Triassic. During the Mesozoic many sharklike fishes became 
once more adapted to invertebrate diets, and numerous bony fishes entered 
the sea to form an additional source of food supply. I'liere began, from the 
hybodonts as a basal stock, a great deployment of more modern types of 
sharks and of the related skates and rays. 

Primitive shark survivors. —The hybodonts themselves have been ex¬ 
tinct since the Cretaceous. There are, however, archaic sharks which appear 
to be relatively primitive descendants of the old Ilyhodus group. 

The Port Jackson shark, Heterodontus [Cestracion] of the Pacific Ocean is 
in many respects a little-modified hybodont descendant. Like those ancient 
forms, this shark is, in great measure, a mollusk-eater and retains the hybo¬ 
dont type of dentition, with sharp anterior fangs and low, rounded posterior 
teeth, forming a shell-crushing apparatus. Its general appearance and struc¬ 
ture, including the presence of stout spines on its two dorsal fins, is compa¬ 
rable to that of hybodonts. In its jaws, however, there has been a structural 
change, for the palatoquadrate no longer articulates, as did that of the older 
sharks, with a postorbital process of the braincase. Nevertheless, Ileterodon- 
tus is still fundamentally amphistylic, for the the upper jaws are firmly 
braced against the braincase more anteriorly and ventrally, as well as re¬ 
ceiving support from the hyomandibular. Several genera of the later Meso¬ 
zoic appear to be intermediate between the hybodonts and this group, and 
Heterodontus itself appeared in the Jurassic. 

Other archaic surviving families are those represented by Hexanchus 
[Notidanus] and Chlamydoselache, These are slender-bodied, fast-swimming 
predaceous sharks, lacking fin spines and having but a single dorsal fin— 
features in which they are quite different from the hybodonts. Six or seven 
gill slits, rather than five, are present, possibly a primitive feature but equal¬ 
ly possibly a secondary increase. All the teeth (Fig. 49) are sharp-cusped 
but quite unlike those of the older protoselachians; in Hexanchus they are 
peculiar saw-toothed structures; in Chlamydoselache^ three-pronged and 
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superficially comparable to those of pleuracanth sharks of the Paleozoic. In 
their jaw structure, however, they are persistently primitive. Hexmichns has 
the postorbital connection of upper jaw and braincase developed as in the 
oldest sharks; in Chlamydoselache the jaw fails (barely) to make contact here, 
but the construction is still essentially amphistylic. Both sharks are rare 
today. Chlamydoselache is represented as a fossil by only a few teeth from the 
'Pertiary; HexanchuSy however, had developed in the Jurassic. 

**Modern*’ sharks. —In the more typical modern sharks remaining for 
consideration, direct articulation of jaws with braincase has been abandoned, 
and the jaws are hyostylic, supported solely by a prop formed by the large 
hyomandibular. Selachian development in this “modernized” phase began 
in the Jurassic; and a rapid deployment resulted, before the close of the 



Fig. 49. —Teeth of various (/retaceou-s and Tertiary sharks: A, Chlamydoselache; B, Hexanclms; C, 
Otodus; /), Ilemipristis; E, Sqnalicorax [Corojr]; h\ Sphyrna; G. GinglymosUma; //, Hetcrodontust anterior 
and posterior teeth; /, Squalus; Rhina [Sgaafina]; K, Isurus; L. Galeocerdo; Scapanorhynchus; 
iV, Scylliorhinus [Scyllmm]; (), Carcharodon, Mostly half natural size; Rhina^ and Squalus somewhat 
enlarged; Carcharodon Xi* (After Fowler and Smith W’oodward.) 


Mesozoic, in the appearance of most of the dozen or more existing families. 
Two main lines of development were early evident, and most of these sharks 
can be readily grouped into two suborders, the Galeoidea and the Squaloidea. 

The galeoids, including the great majority of the living sharks, are, in 
general, active predaceous types, with fusiform bodies which are not at all 
depressed, the spiracle small or even absent, and an anal fin always present. 
The oldest forms are from the Upper Jurassic, when there appear two genera 
related to modern small sharks. One, Galena [Priatiurua] is a living genus of 
dogfishes (‘Topes’’); the other, Palaeoacylliumy is closely related to the for¬ 
mer and to Scylliorhinua [Scyllium], the common spotted dogfish of Euro¬ 
pean waters, which appears in the Cretaceous. 

In this latter period galeoid sharks have diversified into a number of genera, 
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most of them abundantly represented by teeth in Tertiary marine deposits 
and surviving to the present day (Fig. 49). We may cite some common forms 
seriatim: Carcharias [Odontaspis], the sand sharks, with large, awl-shaped 
teeth; Scapanorhynchus, the long-snouted “ghost shark’’; I sums [Lamna, 
Oocyrhina], the mackerel or porbeagle sharks, with long, slender, flattened 
teeth; Carcharodon, the large white shark—a maneater—bearing large tri¬ 
angular teeth with serrate edges (one Tertiary species may have had a mouth 
gape of 6 or 7 feet); Squalicorax [Corax] of the Cretaceous and early Tertiary, 
with hook-shaped serrate teeth; the nurse shark, Oinglymostoma; Galeocerdo, 
the tiger shark; Ilemipristis, common in the early Tertiary; Sphyrna [Zygae- 
na], the hammerhead, with eyes placed on peculiar lateral projections of the 
head. Still other common types appear in the early Tertiary, including Alopi- 
apsis, the long-tailed thresher shark; Mustelus, the smooth dogfish or 
“hound”; and Galeolamna and related genera of common sharks (frequently 
but incorrectly called Carcharinus). 

A further series of sharks not uncommon at the present day is that of the 
Squaloidea. This group shows certain features suggestive of an approach 
toward bottom-dwelling habits and the condition seen in the skates and 
rays. As in them, the spiracle is usually large, and the anal fin is lacking; the 
body, however, is well rounded in squaloids, and the pectoral fins are of nor¬ 
mal shape. This group of sharks is as old a one as the galeoids. Protospinax, 
a form related to the modern spiny dogfish {Squalus) is an Upper Jurassic 
shark, and in the Cretaceous there appear a number of representatives of 
this group. 

To be considered as sharks rather than as skates or rays are two additional 
forms—the saw shark Pristiophorus, and Rhina [Squatina] (Fig. 52, A). The 
former has a long-toothed rostrum, like the saw rays noticed below, and a 
flattened head, but is otherwise similar to the squaloids. Saw sharks are 
known from the Upper Cretaceous. Rhina, the angel shark, is still more 
ancient, appearing in the Jurassic, and seems to point definitely toward the 
skate type of organization; for the body is flat, the eyes are dorsal in position, 
and the pectoral fins are much enlarged. However, the gills are lateral in 
position rather than ventral (as in skates), and the pectorals lack any at¬ 
tachment to the head, so that we must consider Rhina as a shark, although 
a very skatelike one. 

Skates and rays. —^All remaining elasmobranchs may be included in an 
order which we may term the Batoidea, in contrast with the order Selachii, 
the true sharks just discussed. They comprise a series of forms which have 
become bottom-living types, often very depressed in shape. The eyes are 
dorsally placed; the spiracle, used for intake of water, is much enlarged; the 
gills are ventral in position; and the anal fin is lost, as in squaloid sharks, in 
correlation with bottom-dwelling. The enormously expanded pectoral fins 
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extend forward above the gills to attach to the sides of the head. Swimming 
is accomplished by an up-and-down motion of these large fins; the tail tends 
to be reduced and is often a mere whiplash; the dorsal fins are reduced or 
absent. Skates and rays are mostly mollusk-caters, and in correlation with 
this the teeth (Fig. 53) are usually flattened and often form a solid crushing 
pavement. 

Within this group many varied types have been developed. The most 
primitive members, and among the oldest in their geological appearance, 
are types intermediate in structure between sharks and rays —forms in whicli 
the pectoral fins are enlarged but in which the body is still somewhat rounded 



Ki(i. 50. ~ the “banjo (ish/’ a (M'imilivc .skalc; about natural size. (I'Voiii Smith Wood¬ 

ward.) 



Fia. 51.— Sclerorhynchu,^ a (Vetaeeoua sawfish; about 3 feet in length. (From Smith WoodwartI, 
Outlines of VertehraU Palcontohgy.) 

and well-developed dorsal and caudal fins are still present. Rhinohatis (Fig. 
50), the living banjo fish, is a form of this sort which was already in existence 
in the Jurassic. Sawfishes (Fig. 51) were common in the Upper Cretaceous, 
and Pristis is a surviving genus of this group. They resemble the banjo fishes 
in their general organization but are notable for the development of a long 
rostrum armed with teeth on either margin. We have mentioned a similar 
development in Pristiophorus; but in that saw shark the diagnostic skate 
characters are absent, and the two groups are generally regarded as exhibit¬ 
ing parallel development rather than any close relationship. 

In the Cretaceous, typical skates and rays, including most of the modern 
types, were present. In Raja (Fig. 5^, 5), still a common skate today, we find 
developed the normal characters of the group, such as a short body, very broad 
pectoral fins extending forward along the sides of the snout, a slender tail, 
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and median fins reduced almost to the vanishing-point. In the Cretaceous 
were also present the sting rays of the Trygon type (Fig. 52, C), commonly 
with a poisonous “stinger” developed from a modified fin ray on the tail; 
the pectoral fins are so expanded laterally that the body is broader than long 
and so greatly produced anteriorly that they are fused in front of the snout. 
Still another group to develop at that time was that of the eagle rays, such 
as Myliobatis (Fig. 52, D) and Rliinoptera. Here the fins arc greatly expanded 
laterally but do not meet in front of the head, and the mouth has a highly 



Fig. 52. —Various skates and rays: yt, Rhlna [.Sgwa/'mer]; JJ, Raja; C, Trygnn; D, Myliohalis. Tliese 
forms are known both from living representatives and from Tertiary fossil types. {A-C after (Joodricli; 
D after Bridge.) 



developed pavement of flat crushing teeth (Fig. 53). rtychodus (Fig. 53) is 
representative of a family of Cretaceous skates known only from their 
rounded and sculptured teeth. In the Tertiary, skates and rays are known 
from numerous localities, and a final addition to the roster of fossil skates is 
made by the appearance in the Eocene of the torpedoes (Torpedinidae), 

with rounded bodies in which some of the mus¬ 
culature is modified into powerful electric or¬ 
gans. 

Pleuracanths. —^An early side branch from the 
“main line” of elasmobranch evolution is that seen 
in the order Pleuracanthodii. These, in contrast to 
most shark types, were fresh-water forms. They 
appeared in the late Devonian, and were abundant 
in the Carboniferous and early Permian; a few 
persisted into the Triassic. The body of Pleuracan- 
thus (Pigs. 54, 55) was long and slim, with an elon¬ 
gated dorsal fin stretching far down the back. The 
tail, unlike that of most early fishes, was diphycercal; but the tip tilted slightly 
upward, suggesting derivation from a heterocercal ancestor. The anal fin was 
a peculiar double structure. The paired fins (Fig. 24, C, D) were of the ar- 
chipterygial type, with a main axis and side branches. This type of fin may 
have been derived by the gradual development of a posterior axis from one of 
cladoselaehian type; the branches were not fully developed on the posterior 


Fig, 5.S.—Teelh of rays, .4, 
Fart of a fossil denial battery 
of Myliohaiisy with three com¬ 
plete plates and fragments of 
others. a single tooth of the 
large Cretnceous skate, IHycho- 
dus. One-half natural size. 
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margin of the axis, suggesting a transitional condition. A clasper is present 
in the males. 

There were no dermal plates on the skull; the braincase, jaws, and bran¬ 
chial arches are sometimes preserved in calcified cartilage; the jaw construe- 
tion is of the typical amphistylic type seen in Cladoselache, A long movable 
spine, bordered by two rows of small denticles, projected from the back of 
the head. The teeth, loosely attached to the jaws, typically consisted of two 



Fig. 5ii. — Pleuracantkuft, a (’arboniferoiis anti Permian sharklike form; an average specimen perhaps 
^3 feet long. (After Fritsch, from Smith Woodwartl.) 



Fig. 55. —The cranial anatomy of a Paleozoic *‘shark,” Vieuracanthus. A, l^atera Iview of brainense, 
B, tlor.sal view; C, lateral view with jaw and hyoid arch articulated. One-third the size of a large speci¬ 
men. Abbreviations: a/, anterior opening (fontanelle) in roof of braincase; c, occipital condyle; chy cerato- 
hyal; amf, common opening for endolymphatic ducts from internal ear; /w, foramen magnum; /»,?/, 
hyomandibular; ?«, mandible; n, exits for certain cranial nerves; nc, nasal capsule; o, orbit; ocr, occipital 
crest for attachment of body muscles; o/, otic region; upper jaw (palatoquadrate bar) and its point of 
attiichmcnt to postorbital process of brainca.w; r, rostrum; paired processes to which a large spine 
(lieculiar to pleuracanths) is attached. 


divergent prongs and a central cusp (usually small), set on a buttoii-like base 
(Fig. 44). 

Little is known of the ancestry of the pleuracanths. In sonic cases teetJi 
are known in which the three cusps are nearly equal in size, suggesting a der¬ 
ivation from the Cladodus type by a reduction of the central cusp and em¬ 
phasis on the lateral ones. The presence of claspers suggests a fairly close re¬ 
lationship to the modern sharks and the chimaeras. 
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Chimaeras. —Among the cartilaginous fishes of modern times we find, 
besides the sharks and skates, a second group, relatively rare and quite dif¬ 
ferent in many features. These are the chimaeras or ratfish. They are fairly 
actively swimming types but often with the tail fin reduced to a whiplash, 
with little indication of its true heterocercal nature. In many features (such 
as the construction of the paired fins and the presence of a clasper) they re¬ 
semble the elasmobranchs. But there are some striking differences (Fig. 56). 
There is often a large rostrum, and the males have an odd clasping organ on 
the ‘‘forehead.’’ Dermal denticles are absent from the skin; there is a large 
spine in front of the dorsal fin; and the pectorals arc enlarged and fan-shaped. 
The gills are covered with a flap of skin, an operculum, contrasting with the 
open slits of the sharks; and there is no spiracle. The usual dentition consists 
merely of a large toothplate on each jaw ramus and an additional pair of 
plates at the front of the upper jaw. This construction appears to be related 



Fig. 56. —Skull and shoulder region of a Jurassic chiinaera, Acaiithorhiria. (After Frnas.) About /, 
natural size. Upper rights mandibular dental plate of the Jurassic chiinaera, MyriacantUva. (After Dean.) 

to the mollusk-eating habits of chimaeras. The upper jaws arc firmly united 
with the braincase, giving a firmer leverage for the bite; this unusual fused 
condition gives its name to the subclass and is probably secondary. There is, 
of course, no need of support for the jaws from the hyomandibular, and the 
hyoid arch is attached to neither jaws nor braincase. 

These deep-sea fishes are far from common today, but occasional tooth- 
plates and spines are found in Tertiary and Cretaceous deposits; there are 
further remains in the Jurassic and possibly in the IViassic. Until recently 
we have had little idea as to their earlier ancestry. It is not impossible that 
they have evolved independently from placoderm ancestors; however, the 
presence of such typical elasmobranch features as the claspers suggests that 
they represent a group derived from early elasmobranchs, but different 
enough to merit the erection for them of a separate subclass, to which the 
term Holocephali may be applied. 

Bradyodonts. —The ancestors of the chimaeras are apparently to be 
sought among a series of poorly known Paleozoic cartilaginous fishes grouped 
as the order Bradyodonti. These were eaters of mollusks or other hard in- 
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vertebrates, for the teeth are arranged as crushing plates. The group name 
refers to the fact that tooth replacement, in contrast to that of sharks, was a 
slow process, and the dental plates appear to have been more or less perma- 
nent structures. The bradyodonts appeared at the end of the Devonian and 
were very abundant during the Carboniferous but disappeared before the 
opening of the Mesozoic. They are known, for the most part, only from their 
teeth, although there are numerous Carboniferous fin spines which may be¬ 
long to bradyodont genera. Four families are generally distinguished; it must 
be noted that there is no proof that they were at all closely related to one 
another, and the group is quite possibly an artificial one. 

1. Cochliodonts, —^l"his family is phylogenetically the most important of 
the bradyodonts, for it appears to show a transition between primitive sharks, 



Fia. 57.—Teeth of bradyodonts. .d, PetaUnlus (Xl); c, crown; r, root. B, Jlelodus, three teeth, crown 
view (X*). Dellodiis, crown view (X*). IK Psanunodns (Xl). 



Fig. 58.— Ilehdus^ a CarboniferoiLS bradyodont, length about 14 inches. (From Moy-Thomas) 

on the one hand, and chimaeras, on the other. In typical genera, such as 
Cochliodus and Deltodus (Fig. 57, C) the main tooth structure consists of a 
long spirally curved plate in each half of each jaw, although there appear to 
have been smaller anterior teeth. These toothplates are quite comparable 
to those of Jurassic chimaeras. The toothplates are usually solid, unified 
structures, but there were often cross-lines which suggest that they had 
arisen through the fusion of a series of teeth. In Helodus (Fig. 57, B) separate 
teeth were still present; these appear to be readily derivable by a process of 
flattening from the Cladodtis type of early elasmobranchs (cf. Orodus, Fig. 
48, A). In two instances the entire fish has been preserved. In Helodus (Fig. 
58), as in chimaeras, the pectoral fins were large; the body in cochliodonts was 
rather flattened, in a fashion somewhat parallel to that of the skates (of 
similar habit); and, significantly, the upper jaw was, as in chimaeras, solidly 
fused with the braincase. 
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2, Petalodontis {Petalodus [Fig. 57, A]). —The teeth of these forms have 
broad, lozenge-shaped crowns, which appear to have been applied closely to 
those adjacent, a group of such teeth forming a solid crushing pavement. 
Each tooth had a long root, sometimes subdivided, extending downward at 
an angle from the surface of the crown. In two cases there are indications of 
body contours. These fishes are much more raylike than the cochliodonts, 
with a much depressed build and greatly enlarged pectoral fins. 

3. Psamviodonts. —In this family and the following, the toothplates only 
are known. In Psammodus (Fig. 57, D) the dentition consisted of a few large 
quadrilateral plates arranged above and below in two rows which met in tlie 



Fig. 59.— Chondrenehelys, a small Carboniferous fish allied to the brudyodoiits bul with a body re¬ 
sembling that of pleuracanth sharks; length of original, 7 inches. (After Moy-Thomas.) 


mid-line. The origin of these plates is obscure; and while they were probably 
formed by a fusion of teeth, there is no indication of this in the specimens. 

4. Copodonts, —The dentition in this rare and obscure group consisted of a 
single subquadrate tooth medially placed at the front end of the upper and 
lower jaws. 

With the bradyodonts may be provisionally grouped Chondrenehelys 
(Fig, 59), a small cartilaginous fish from the Mississippian of Scotland. As 
in other holocephalans, the upper jaws were fused with the skull, and the 
mouth was armed with a series of plates comparable, in general, to those of 
cochliodonts. The postcranial skeleton, however, was of a very different na¬ 
ture. There were no fin spines of any sort; but in other respects the body was 
very similar to that of the pleuracanths, for the tail was of the diphycercal 
type, there was a long dorsal fin continuous with the caudal, and the paired 
fins were of the archipterygial type. Presumably, however, these pleuracanth 
resemblances are due to parallelism rather than to real relationship. 



CHAPTER 5 


BONY FISHES 

T he groups thus far considered, although prominent in the older 
geologic periods, have in later times become much reduced in 
numbers; the higher bony fish constituting the class Osteich- 
thyes have, on the other hand, continually increased in importance. Ap¬ 
pearing in the Middle Devonian fresh waters, they flourished greatly and by 
the end of the Paleozoic had almost sole possession of the lakes and streams. 
By that time they also had invaded the seas, and at the present time the 
group includes not only all fresh-water fishes but also the vast majority of 
marine forms as well. 

As discussed here, the bony fishes will be grouped in two subclasses— 
Actinopterygii and Choanichthyes—already quite distinct at their first ap¬ 
pearance in the fossil record. The former were, at first, rare but rapidly be¬ 
came the dominant types; their modern representatives, the teleosts, are 
the common fishes of today. The Choanichthyes, or fishes with internal nos¬ 
trils (choanae), include the Crossopterygii, ancestral to land vertebrates, 
and the aberrant Dipnoi, the lungfishes. Flourishing at first, these groups 
are now close to extinction. 

The Osteichthyes may be briefly defined as bony fishes with a specialized 
spiracle and hyoid support for the jaws. Bone is not a new material in the 
Osteichthyes, but its retention here is a useful point of distinction between 
these fishes and the Chondrichthyes, which also have a highly developed 
jaw apparatus but have lost all vestiges of bony structure. The presence of 
some sort of lung or air sac seems to have been a characteristic of all early 
Osteichthyes; this feature is in contrast with conditions in other surviving 
fish types, although, as noted previously, a lung may have developed at a 
still earlier stage in fish history. 

The primitive members of both subclasses appear to have been active 
swimming types with a fusiform body and a heterocercal caudal fin. This 
last structure may be variously modified, and in almost all later members of 
the class the tail tends to become a symmetrical structure. In lungfish and 
crossopterygians this symmetry is attained by the evolution of a diphycercal 
tail; in the ray-finned types superficial symmetry was reached by a different 
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process. One dorsal fin was present in the earlier actinopterygians, two in 
the Choanichthyes; a single anal is found in all. 

Skeleton. —Bone appears to have been a common feature in ancestral 
vertebrates. But in the fish classes already considered, ossification is, in 
general, far from complete in forms so far discovered, and there was a strong 
tendency toward bone reduction and the retention of the embryonic carti¬ 
laginous state. In early Osteichthyes, on the other hand, skeletal ossification 
was of an advanced nature; and, while there is even here a trend toward re- 



Fig. 60 . —Development of the groups of bony Sshes and amphibians 


duction, this trend is, in general, much less marked; the process of bone de¬ 
velopment is, so to speak, much more firmly imbedded in the embryological 
pattern of these fishes. A dermal covering of thick scales and plates was 
present in the most primitive Osteichthyes. These structures may be much 
modified but are seldom lost. The internal skeleton, too, was highly ossified 
in early bony fishes, except for a few structures, such as the vertebral centra. 
In most later members of the class these internal bones arel>reseryed with 
little loss, and there may even be further progress in ossification of the back¬ 
bone. In only two groups are there conspicuous regressions from a highly 
ossified condition: the sturgeons.and paddlefishes among the Actinopterygii 
and the later lungfiishes among the dboanate forms* 
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Scales.—In the older bony fishes the trunk and tail were completely in¬ 
cased in an armor consisting of continuous and usually overlapping rows of 
bony scales, presumably rhomboidal in shape in the most primitive stage. 
Two main types of scale are found in early bony fishes—the cosmoid and the 
ganoid (Fig. 61). The former type was present in primitive crossopterygians 
and lungfish. Its base consisted of bone arranged in parallel layers. Above 
was a layer of spongy bone filled with spaces for blood vessels. The upper 
part of the scale consisted of a substance termed cosmine, similar to the den¬ 
tine of teeth, arranged about numerous pulp cavities; the surface was cov¬ 
ered with a thin layer of enamel-like material. The whole suggests a series of 
fused denticles united with a basal plate of dermal bone (or rather, as was 
suggested, shark denticles represent superficial pieces of such scales which 
have “floated free” with the dissolution of the underlying bony plate). 



Fi«. 01.—N'ertical sections througli the scales of: .4, Acanihodes, an acanthodian shark; Zf, Cheirokirist 
a J-)evonian actinopterygian; C, Megalichthyst a Carboniferous crossoplerygian. All highly magnified; 
Abbreviations: 6, basal layers of bone or bonelike material; c, cosmine layer; g, superficial region—enamel 
or layers of enamel-like material (ganoine). (After Goodrich.) 


A second ancient type, found in the older actinopterygians, was the gan¬ 
oid scale. The same three units are present as in the cosmoid scale, but here 
the enamel-like material, deposited in thick layers, is termed ganoine. Em- 
bryologically these scales arise by the deposition in onion-like fashion of con¬ 
centric layers of all three materials around a central core composed of a 
single “cosmoid-scale” unit. It is of interest that almost the same type of 
scale was present in acanthodians. Possibly the ganoid scale is the primitive 
type, and the cosmoid has resulted from a reduction of the superficial gan¬ 
oid layers; or, conversely, the ganoid type has developed by elaboration 
from a simple cosmoid structure. 

The term “ganoid’^ is often used to designate certain ancient bony fish. 
Properly, such a term may be applied to primitive actinopterygians which 
have scales of the ganoid type. But frequently (and unfortunately) it is ap¬ 
plied to any primitive-looking fish with thick shiny scales and to forms with- 
cosmoid, as well as ganoid, scales. 

Both types of scale have undergone great modification and reduction; 
only one living fish has a cosmoid scale; few have the ganoid type. In both 
subclasses there was a strong tendency toward the loss of both the enamel- 
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like surface and of the underlying cosmine, leaving a relatively thin and 
simple bony scale. 

Skeleton of the head (Figs. 62, 63).—The cranial skeleton is of a 
double origin, consisting of dermal bony plates comparable to enlarged scales 
and of internal bones replacing embryonic cartilages; in skull and jaws (and 
even in the shoulder girdle) these two types of components are combined to 
form complex structures. Similar complexes were present in ostracoderms 
and placoderms, but our relative lack of knowledge of internal anatomy in 
these forms and the frequent lack of ossification have caused our account of 
them to be brief and inadequate. In the sharks the absence of dermal com¬ 
ponents has resulted in a deceptive and probably secondary simplicity. In 
the Osteichthyes, however, there emerges a general pattern of cranial con¬ 
struction, which, although complex, merits description in detail not only be¬ 
cause it is to be found in all subdivisions of the group but because it is the 
basal plan upon which the skulls of all tetrapods are built. 

We shall note in preliminary fashion the essential units of which it is con¬ 
structed before considering in more detail the various dermal and cartilage- 
replacement bones which take part in its formation. The skull itself is made 
up of three units: (1) an ossified braincase, comparable to that of a shark, 
with a dermal bone below it; (2) upper jaw and palatal structures, including 
ossified equivalents of the cartilaginous shark upper jaw and additional der¬ 
mal bones of the palate; and (3) a shield of dermal bones covering the top 
and sides of the head and in contact with the deeper structures already noted 
(cf. Fig. 8). Additional skeletal features of the anterior part of the body in¬ 
clude (4) the lower jaw, also a combination of dermal elements and replace¬ 
ment bones; (5) the gill arches, including a prominent hyomandibular, all 
endochondral in nature; (6) a series of dermal gill coverings; and (7) the 
shoulder girdle, composed of both types of bones. 

The names used for vertebrate bony elements are customarily derived, 
where possible, from those used in man or other mammals. In the early pe¬ 
riods of the study of fish anatomy, connecting links between fish and higher 
vertebrates were unknown; names were arbitrarily applied to fish bones 
which appeared to occupy the same general position as their mammalian 
namesakes, although real identity could not be proved. Today our informa¬ 
tion concerning the transitional forms from fish to higher types is much 
greater. The nomenclature used here for fish bones is that suggested by re¬ 
cent discoveries and research and hence will be found to differ considerably 
ycom that used in many excellent earlier works on fish skulls. In crossopteryg- 
ians, closest to land forms, most of the bones can be identified with con¬ 
siderable confidence; lungfishes and actinopterygians, however, show such 
departures from the crossopterygian pattern that the nomenclature used for 
them is still an arbitrary one in many instances. 
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Fig, 62 . —The skull in crossopterygiaiis. A, Dorsal, and B 
palatal views of the skull of Eusihenopteron of the Upper Devo¬ 
nian of North America; C, lateral view of the skull and oj^rcular 
region of Osteolepin of the Middle Devonian; D, E,Fta. diagram¬ 
matic “dissection” of the skull of Osteolepis to show internal 
structure. In D the opercular plates and the bones of the cheek 
region removed to exliibit the primary upper jaw. In E the pri¬ 
mary jaw and hyomandibular removed to show the braincase in 
relation to the dermal skull roof. In F the braincase isolated. The 
upper jaw and braincase of Osteolcpis are incompletely known 
and are restored, in part, from other crossopterygians. Abbrevia¬ 
tions for this and other bony-fish skulls are given below (many 
of the identifications are in dispute; some frequently used syno¬ 


nyms are given in parentheses): a, articular facet on braincase for upper jaw; ang, angular; ar^ articular; 6o, basi- 
occipital region of braincase; hr, branchiostegal elements of throat region ( = gulars); bs, basisphenoid region of 
braincase; cl, clavicle; ct, cleithrum; d, dentary; ec, ectopterygoid; en, external naris; ep, epipterygoid (metaptery¬ 
goid); es, ethmosphenoid portion of braincase; ed, lateral extrascapular; em., medial extrascapular; /, frontal 
(nasal); g, gulars; hy, hyomandibular; in, internal naris; iop, interopercular; it, intertemporal (postorbital or 
dermosphenotic); jugal; I, lacrimal (infraorbital); m, maxilla; n, nasal; nc, nasal capsule; ntc, area occupied by 
notochord; o, opercular; oo, otico-occipital portion of braincase; ot, otic region of braincase; p, parasphenpjjdljw, 
parietal (frontal); pf, postfrontal (supraorbital); pi, palatine; pm, premaxilla; pn, postnarial; postomital; 
pop, preopercular; por, postrostral or internasal; pos, postsplenial; pot, posttemporal; pp, postparietal (parietal); 
prf, prefrontal; pt, pterygoid; pv, vomer (prevomer); q, quadrate; qj, quadratojugal; r, rostral; s, supraptery- 
goid(s), splenial; sa, suran^ar; sclerotic ring; set, supracleithrum; sm, supramaxilla; mp, symplectic; so, 
suborbital(s); soc, supraoccipital; sop, subopercular; sp, spiracular cleft; sq, squamosal; si, supratemporal (der¬ 
mal sphenotic); t, tabular (supratemporal-intertemporal); v, vomer. (Data in part after Watson, StensiO, and 
WestoU.) 
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The canals which carry the lateral-line sense organs are distinctive fea¬ 
tures of the superficial elements of the fish cranial skeleton and have rather 
constant relations to the dermal bones along their courses. The main pair of 
canals passes forward from the body to the lateral portions of the skull roof 
(there is typically a cross-commissure between them here) and continues 
anteriorly to the region above and behind the orbit. A suborbital canal here 
turns downward around the orbit and forward toward the snout. Another 
canal—the supraorbital—runs forward above the orbit; in many cases (but 
not primitively) it connects posteriorly with the main canal. A third major 



Fig. 63. — A, Dorsal, C, lateral, and D, front, views of the skull and shoulder region of Cfieirolepiit, a 
^fiddle Devonian paleoniscoid; about natural size, (After Watson.) Restoration of the palate of a 
palaeoniscoid, bused mainly upon Kvrynohts^ as de.scribed by Watson. For abbreviations see Figure 62 . 


canal curves back and down over the cheek region and then forward along 
the lower jaw. In addition, there are sometimes rows of pits containing in¬ 
dividual lateral-line organs. 

Dermal bones. —All early bony fishes have a shield of dermal bones 
forming a nearly solid covering for the top and sides of the head region. The 
shield is notched posteriorly at either side in the region of the spiracle; its 
continuity is broken only by the openings for the external nares, the large 
orbits for the paired eyes, and the pineal opening, when present. The brain- 
case is fused to the lower side of the shield; at its lateral margins the shield 
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carries the principal tooth row of the upper jaw and is in contact here with 
the palatal structures. 

It is probable that in the unknown early ancestors of the bony fishes the 
skull roof was composed, in the embryo, of a mosaic of small plates. During 
the evolution of the various groups there appears to have been initiated 
(more strongly at first in the back part of the skull) a sort of “struggle for 
existence” among these numerous and probably variable elements, and, 
as a result, later types have but a few relatively large skull elements. Evi¬ 
dence for such a belief lies in the facts that variable small elements persist 
in the rostral region of both ray-finned fishes and crossopterygians and that 
the earliest dipnoans are still largely in a mosaic stage. If this be true, it is 
likely that we shall never be sure of all homologies between the different 
bony-fish groups, since it is improbable that the “survivors” have been the 
same bones in all cases. Nevertheless, a common pattern and grouping of 
elements can generally be discerned: 

1. A variable series of small elements in the rostral region of the skull in 
primitive forms; usually reduced or much modified in later types. 

2. A paired longitudinal series on either side of the dorsal mid-line, typi¬ 
cally including, from front to back, nasals, frontals, parietals (bordering the 
pineal opening, when present), and postparietals (dermal supraoccipitals). 
The anterior part of this series may primitively occur as a mosaic of small 
elements at the sides of the rostral region. 

3. Marginal tooth-bearing elements—maxilla and, more anteriorly, a pre- 
maxilla, which in some cases appears to be a specialized rostral element. 

4. A circumorbital ring of bones, in which it is sometimes possible to 
identify equivalents of the tetrapod elements in this region—^prefrontal, 
postfrontal, postorbital, jugal, and lacrimal. 

5. Bones bordering the posterior margin of the skull roof, termed extra¬ 
scapulars. They appear to be enlarged scales lying beyond the limits of the 
skull proper and have no homologues in tetrapods. 

6. Small lateral elements on the “table” formed by the posterior part of 
the skull roof and adjacent to the spiracular slit; variable but, in general, 
corresponding to the supratemporal, intertemporal, and tabular bones of 
land vertebrates. 

7. Elements of the cheek region, sometimes with bones corresponding to 
the squamosal and quadratojugal of tetrapods, but always with an element, 
the preopercular, lost in all but the most primitive of land vertebrates. 

Dermal bones are also present on the under smface of the skull in the skin 
lining the roof of the mouth. A median dermal structure, the parasphenoid, 
lies beneath the anterior end of the braincase. Paired groups of palatal ele¬ 
ments supplement and practically replace the embryonic upper-jaw carti- 
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lage. These include a large pterygoid bone and a lateral series, frequently of 
three elements—vomer, palatine, and ectopterygoid, the first functioning 
primarily as a floor for the nasal capsule. These bones usually are tooth¬ 
bearing. This dentition presumably represents that borne on the jaw carti¬ 
lage of sharks; the lateral tooth row of bony fishes is not represented in 
elasmobranchs. Behind the ectopterygoid is a fossa through which descend 
the powerful muscles which close the jaw. 

The lower jaw (Fig. 64) consists, for the most part, of dermal bones. The 
tooth-bearing dentary is a major external element, with bones termed sple- 
nial, angular, and surangular below and behind it. Internally a series of der¬ 
mal elements, which often bear teeth, include a long prearticular, and above 
it, a scries of coronoids. 



Fia. 64.—'I'lie lower jaw in bony fisli. Outer view at the left, inner view at the right. A, Nematoptychiua 
a primitive actinopterygian; jB, Mcgalichthys, a Carboniferous crossopterygian; C, Sagenodus, a Car¬ 
boniferous lungfish (the articular unossified). Abbreviations: ang, angular; ar<, articular; cor, coronoid; 
d, dentary; ?/i, Meckelian bone in anterior end of jaw; par/, prearticular; pos, postsplenial; .v, splenial; 
sang, surangular. The bone marked cor? in Sagenodus appears to be the prearticular. (After Watson.) 

'The gill region is sheathed by opercular elements—laterally a large oper¬ 
culum and suboperculum; more ventrally, in the ‘“throat” region, a variable 
series of gulars, which in advanced aotinopterygians become slender rod¬ 
like structures, the branchiostegal rays. 

The external surface of the shoulder girdle is formed by the most posterior 
elements of the dermal bone series—clavicle below (this is lost in higher 
ray-finned fishes) and a much larger fish element, the cleithrum. The girdle 
is joined to the table of the skull by supracleithrum and posttemporal. 

Replacement bones.—braincase corresponding rather closely in its 
form to that seen in early sharks is present in primitive bony fishes as a 
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highly ossified structure. Dorsally the braincase is tightly bound to the der¬ 
mal bones of the skull roof. Laterally it appears to have been movably ar¬ 
ticulated with the palatal structure by means of a basal process part way 
back on either side (adjacent dermal elements take part in the articulation). 
The evidence gained from a study of the development of living forms indi¬ 
cates that the braincase of the Osteichthyes is composed of a large number of 
ossifications; in the early types, however, these elements tended to be fused 
in the adult into larger units, and in some early Osteichthyes the braincase 
consists of two or three such units, within which there is little or no evidence 
of subdivision. In later bony fishes, degeneration in ossification usually sets 
in; cartilaginous areas remain in the adult, and sutures become visible be¬ 
tween the bony elements, l^'hese structures are rather variable but tend to in¬ 
clude (1) a basioccipital and exoccipitals posteriorly (a supraoccipital is pres¬ 
ent in higher actinopterygians); (2) variable otic ossifications in the ear re¬ 
gion, to which the terms probtic, opisthotic, epiotic, sphenotic, pterotic, and 
intercalar are commonly applied; (3) a basisphenoid in the region of the basal 
articulation; (4) more anteriorly a tubelike structure comparable to the 
sphenethmoid of early land vertebrates, or paired elements to which the 
mammalian terms alisphenoid, orbitosphenoid, and ethmoid are very ar¬ 
bitrarily assigned. 

The cartilaginous upper jaw has been partially replaced functionally by 
dermal palatal elements, but ossifications in the cartilage are also present, 
including a posterior quadrate which articulates with the lower jaw and 
variable suprapterygoid elements, one of which may articulate with the 
basal process of the braincase and is thus comparable to the epipterygoid 
of tetrapods. The lower-jaw cartilage is almost completely replaced by der¬ 
mal elements and usually survives only in the form of the articular bone of 
the jaw articulation. 

The hyomandibular, propping the jaw joint, is typically large and well 
ossified; the remaining branchial arches are variably ossified. 

Postcranial skeleton. —Because generally obscured by the thick scaly 
covering, the internal skeleton of the body is seen relatively rarely in early 
bony fishes. Of axial skeletal structures, neural and haemal arches are fre¬ 
quently seen to be ossified, as are ribs in many cases, and basal and radial 
elements in the paii*ed fins. The vertebral centra in most early fishes re¬ 
mained unossified; in later actinopterygians (Fig. 4) they ossify, generally 
as spool-shaped structures. In crossopterygians partial or complete ossifica¬ 
tion may occur in the Paleozoic; in some well-ossified forms the large noto¬ 
chord was bounded by dorsal structures seemingly comparable to the pleuro- 
centra of early land vertebrates and ventral elements comparable to the in¬ 
tercentra of tetrapods (Fig. 94). 

The shoulder girdle is a compound structure including the dermal elements 
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described above and a relatively small ‘‘primary” girdle, variably ossified, 
with which the fin skeleton articulates. The pelvic girdle is a small and 
typically wedge-shaped ventral plate. 

Radically different types of paired fins (Fig. 65) are found in the two sub¬ 
classes of bony fishes. In most actinopterygians the fins have a comparative¬ 
ly broad base with a skeleton consisting of a number of parallel bars of bone 
or cartilage. This is essentially the structure seen in the cladoselachians. In 
the actinopterygians the internal skeletal elements are usually short, and 
there is, consequently, only a comparatively small, scale-covered, fleshy 
lobe; the greater part of the fin consists of a web of skin stiffened by dermal- 
fin rays. It is to this feature that the group owes its name. 

In contrast, a large lobe is developed in the fins of crossopterygians and 
lungfish, and the dermal rays merely form a fringe about its margins. This 
lobate fin is of the type termed an archipterygium, already seen among 
pleuracanth sharks. Only one stout element articulates with the limb girdle. 



Fig. 65.—The paired tins of bony tishes. Pectoral fins of; .4, KpiceraUviu/t, a modern lungtish; /?, 
h'jusfiienopteron, an Upper Devonian crossopterygian; C, Polypterusy a modern relative of the palaeonls- 
coids. Pelvic fins of: D, the sturgeon, Scaphirhynchus; Ey Polypterus. (Mainly after (ioodriclv.) 

Beyond this the crossopterygians usually exhibit an irregular branching ar¬ 
rangement—an abbreviate archipterygium. The dipnoans and some cros¬ 
sopterygians, however, have the full archipterygial structure—a leaf-shaped 
fin, the skeleton of which consists of a long, jointed, central axis with sym¬ 
metrically placed side branches. 

The fins of sharks are stiffened by long, slim, horny rays. In bony fishes 
these structures may be present but are much reduced. The fieshy lobe of the 
fin is covered with scales, and in addition the remainder of the fin is stiffened 
by fin rays composed of long, slim, modified scales arranged in rows. Such 
rays are present both in paired and in median fins. 

Lungs. —Gills, never more than five in number, are always present, 
covered by an operculum and opening by a common slit just in front of the 
shoulder region. In addition, a spiracle appears to have been present in 
primitive types but is lost in most recent bony fishes. However, lung breath¬ 
ing, which we naturally associate only with land forms, had its beginning 
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early in the history of bony fishes (Fig. 66) and may have developed even 
earlier in vertebrate history. 

Probably the most generalized condition of the lung is that found in the 
primitive living actinopterygian, PolypteruSy in which there is a simple bi- 
lobed sac opening out of the bottom of the throat and situated on the under 
side of the chest in the position of lungs in land animals. It is probable that a 
similar type of lung existed in the extinct crossopterygians, and a functional 
lung is present in all the three living lungfish. 

"J'he explanation of this unexpected development of lungs in water-living 
forms is suggested by the habits of the living types mentioned above. These 
live in regions (such as the upper reaches of the Nile) in which there are alter¬ 
nate periods of rain and drought. During the wet season, lungs are useless; 
but, with the drying-up of streams, with water present only in stagnant 
pools, ordinary fish die by the myriad, while those which have lungs may 
survive until the next rains. Devonian bony 
fish, as far as we can tell from the sediments, 
appear to have lived under quite similar condi¬ 
tions, in fresh-water streams and lakes which 
were subject to periodic droughts. Lungs were 
a considerable asset to them under these circum¬ 
stances. 

But lungs had obvious disadvantages. They 
seem to have lain originally in the under part 
of the chest and would have tended to make the 
fish top-heavy. In relation to this fact we find 
that in the lungfish the lung has shifted around 
to the top side of the body, although its duct 
may still be attached to the bottom of the 
throat. And in all the remaining living fishes 
we find that the lung, or air bladder, is present 
as a single sac which grows out from the upper 
side of the throat. 

While a lung is a useful adjunct under the 
peculiar conditions which we assume to have 
been present generally in the l^evonian and which still exist in a few 
regions today, it is of little use under more normal climatic condi¬ 
tions. In most living fishes (actinopterygians) the lung has almost entirely 
lost its original function. But the structure is not lost; it has merely been 
changed to serve its possessor in another and highly useful way. It is present 
in most living fishes as the air bladder, a hydrostatic organ. By filling or 
emptying this sac, the specific gravity of the fish is altered, and it is enabled 
to float higher or sink lower in the water. 


Q 



Fiq. 66. —Diagram to show the 
development of lungs in fish and 
tetrapods. Left, cross-sections of 
gut and lungs; right, longitudinal 
sections, g. Gut; I, lung. A, Paired 
ventral lungs, found in tetrapods, 
African and South American lung¬ 
fish, and Polypt&rua; B, lung dorsal 
but duct ventral, as in Australian 
lungfish; C, single dorsal lung—^air 
bladder—with dorsal duct, as in 
most actinoplerygians. 
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In lower vertebrates the nostrils are simply sacs opening to the outer sur¬ 
face of the head. In land types there is, as well, an internal opening of the 
nostrils into the roof of the mouth. Such internal openings are not present 
in any known actinopterygians, but in the Choanichthyes, as the name im¬ 
plies, internal nostrils, or choanae, were early developed and permitted the 
intake of air into the lungs without the necessity of opening the mouth and 
running the risk of “shipping water.” 

Bony-fish ancestry. —I'he appearance of the bony fishes in the geologic; 
record is a dramatically sudden one. There are no traces of the group in the 
Silurian and only a few fragments which may be of Lower Devonian age. In 
the Middle Devonian they appear full-fledged and diversified and at once 
dominate the scene. The initial stages in their development must have taken 
place long before, quite probably in the upper reaches of river systems from 
which no deposits have been preserved. 

The common ancestor of the bony-fish ^oups is unknown. There are vari¬ 
ous features, many of them nbted above, in which the two subclasses of bony 
fish were already widely divergent when we first see them—features such as 
fin structure, scale structure, presence or absence of internal nostrils, etc. 
So marked are these differences that it has been suggested that the Osteich- 
thyes are an artificial assemblage and that ray-fins and choanates represent 
two separate groups of progressive fishes. However, this is at present mere 
speculation, and it may be that some common ancestor existed in the waters 
of late Silurian or earliest Devonian times. Such an ancestor would, of course, 
have advanced over the placoderms in the development of hyomandibular 
jaw support and spiracular specialization. Apart from this, the major fea¬ 
tures of bony-fish organization are to be met with among the placoderms 
and particularly in the acanthodians. These fishes, for example, show a 
rather comparable set of complex cranial structures, and there are specific 
resemblances to the actinopterygians in scales and other characters. The 
known acanthodians are, of course, too specialized in vai’ious respects to be 
in themselves ancestors of the Osteichthyes. But belief in the descent of the 
later bony fishes from unknown placoderms closely related to the acantho¬ 
dians is extremely reasonable. 

Ray-finned fishes. —Of the two major groups of bony fishes, the Acti¬ 
nopterygians perhaps merit first consideration because of their seemingly 
more primitive nature and because the ray-finned fishes, although compara¬ 
tively rare at the first, were destined to play the chief role in fish history. 
Today only four genera of choanate fishes survive, while modern representa¬ 
tives of the Actinopterygii are to be numbered by the thousands. In the 
early days of the study of fishes, the living ray-finned forms were divided 
into three groups—Chondrostei, Holostei, and Teleostei, in ascending order. 
The names were based upon mistaken assumptions as to the history of bone 
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development; and today, with a great store of knowledge of fossil forms, we 
realize that actinopterygian history is much more complex than was once be¬ 
lieved. Nevertheless, these three terms still form a convenient framework on 
which to build a discussion of this vast group and will be used here as super¬ 
orders within the subclass Actinopterygii: (1) the Chondrostei include the 
primitive Paleozoic and Triassic types and a few specialized or degenerate 
survivors; (2) the Holostei were the characteristic ray-fins of middle Meso¬ 
zoic days and are also near extinction; (3) the Teleostei began their career in 
the late Mesozoic and have been dominant since the late Cretaceous. 

These terms should be regarded as indicating successive grades of develop¬ 
ment within the Actinopterygii rather than true phyletic units; for, as will 
be seen, the holostean level of organization was surely attained by more than 
one group of primitive forms, and the teleosts may be similarly polyphyletic. 
However, this type of classification, even if not entirely natural, is one which 
it is best to preserve until our knowledge of the details of the complex evo¬ 
lutionary history of the ray-finned fishes is much more adequate than is the 
case at present. 

There is but a single dorsal fin, in contrast to the choanates. Above the 
front edge of the dorsals and caudal in earlier actinopterygians are frequent¬ 
ly found rows of large V-shaped fulcral scales, forming a protective cutwater 
for the fins. These are not found in other fish groups and are lost in later ray- 
finned types. 

The scales primitively had the typical ganoid structure; in early forms 
they were usually rhomboidal in outline. In later types they may be much 
modified. The shape may change with the development of a rounded or ser¬ 
rate edge (cycloid and ctenoid types of modern teleosts). In most Mesozoic 
forms the scales lose the middle cosmine layer; the ganoine covering becomes 
thin in many holosteans and is lost in teleosts, which have simply-built bony 
scales; and in various cases the entire scaly covering may be reduced or lost. 

In the earliest actinopterygians the general arrangement of the bony plates 
of the head was similar to the generalized pattern described above (Figs. 63, 
64). There are, however, marked contrasts with the crossopterygian type 
characteristic of the choanate fishes. There is rarely a pineal opening; a 
spiracular slit was early present, but the spiracle was lost in later types; 
and, most significantly, there is never an internal opening for the nostrils 
(the story of lung modification in the group is told above.) The orbits are 
large in primitive actinopterygians, and the large eyeballs are stiffened by 
sclerotic plates, usually four in number. These forms appear to have relied 
largely upon vision for their knowledge of the outer world, while most other 
fiish groups appear to place great reliance on the sense of smell. Whereas the 
mouth is nearly terminal in crossopterygians, it is here preceded by a termi¬ 
nal rostrum in primitive forms, and the external nares in typical actinopteryg- 
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ians are high up on the side of the head, rather than close to the jaw mar¬ 
gins. The cheek is mainly occupied in early genera (again in contrast with 
crossopterygians) by a large preoperculum and an expanded maxilla. A small 
quadratojugal may be present primitively, but there is no equivalent of the 
squamosal; there may develop, instead, variable small bones termed sub¬ 
orbitals. From the first, great reliance is placed on the jaw support aflForded 
by the broad hyomandibular element, and in the later ray-finned fishes an 
extra bone (the symplectic) is added to bind jaw and hyomandibular more 
firmly. In early actinopterygians the well-ossified braincase often includes 
three units—an occipital region at the back, paired otic structures on either 
side, and anteriorly a single mass of bone (sphenethmoid) extending forward 
to the nasal region. The last two, and in many cases all three of these portions, 
may fuse to give a very solid structure, contrasting with that described later 
for the Crossopterygii. 

The tail was heterocercal in the oldest-known actinopterygians, as was 
also the case in early choanates; but it differed in that there was practically 
no development of fin membrane above the backbone. In consequence, al¬ 
most never has a member of the present group been able to develop a diphy- 
cercal tail—an evolutionary process in which an upper lobe (here generally 
nonexistent) must be greatly developed to equalize the lower one. A similar 
result, however, has been attained by the development of a homocercal tail 
(Fig. 3,Z>), a superficially symmetrical type found in the teleosts, in which 
the lower lobe only is concerned but in which the scaly tip of the tail is re¬ 
duced and no longer projects outside the rounded posterior termination of 
the body. The final result is a tail fin externally somewhat like the diphycercal 
one but constructed in a very different way. 

In contrast with other bony fishes, there is usually little extension of the 
flesh and internal skeleton into the paired fins (Fig. 65, Z>, JE), which are 
mainly supported by long dermal rays. The internal skeleton of the fins con¬ 
sists generally of a number of short parallel bars of bone which may articulate 
directly with the girdle, although there may be some development of an axis. 
In the most primitive actinopterygians the paired fins appear to have ex¬ 
tended rather stifliy outward from the body as fixed planes, much as in cla- 
doselachian sharks; in later types, with reduced heterocercal tails and con¬ 
sequent changes in swimming habits, the fins become narrower at the base 
and much more flexible in movements. 

Within the actinopterygians there are, in later days, great modifications 
in the cranial pattern. Ossification may be reduced in various ways. Particu¬ 
larly noticeable is a series of changes in the cheek region, in the course of 
which, as noted later, the maxilla is much reduced and may even be elimi¬ 
nated from the mouth. The braincase, even if well ossified, tends to retain, in 
the adult, sutural lines between the numerous bones of which it is composed. 
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Many of the skull elements in actinopterygians were early named in ac¬ 
cordance with their seeming resemblance to elements in the skull of mam¬ 
mals or other tetrapods; additional names, frequently compounds, were 
added to this artificial system to take care of the numerous variations in pat¬ 
tern. In our illustrations here we have named the actinopterygian skull bones 
in accordance with the most recent interpretations of cranial history in ver¬ 
tebrates ; the terms used will be seen to differ from those found in much of the 
literature. A key feature is the fact that the bone customarily called frontal 
in actinopterygians is actually the homologue of the parietal; the neighbor¬ 
ing bones, as well, have been reidentified in the light of this. 

Like the other bony fishes, the Actinopterygii appear to have originated in 
fresh waters, and but few members of the group became marine forms during 
the Paleozoic. By the end of the Triassic, the main center of actinopterygian 
evolution lay in salt water. Among the modern teleosts the vast majority are 
marine types, and a good proportion at least of modern fresh-water dwellers 
are not “original inhabitants’* but have reinvaded the fresh waters from the 
salt. 

Primitive actinopterygians, the paiaeoniscoids. —We shall classify 
as the superorder Chondrostei the groups of ray-finned fishes which are prim¬ 
itive in nature or which have remained on a low structural level despite spe¬ 
cializations of various types. Such forms include (1) the order Palaeonis- 
coidea, truly primitive forms, mainly Paleozoic; (2) Subholostei, progres¬ 
sive Triassic types structurally transitional to the holosteans; (3) Polypteri- 
ni, living African fishes retaining much of the original palaeoniscoid struc¬ 
ture; and (4) Acipenseroidea, degenerate modern types. 

Early actinopterygians appear, together with crossopterygians and lung- 
fish, in Middle Devonian fresh-water deposits. Rare at first, they so increased 
in numbers that by the beginning of the Carboniferous they were already the 
commonest of fresh-water groups, and a few rare forms had already invaded 
the sea. Most of the more characteristic Paleozoic ray-fins were once as¬ 
signed to Palaeoniscus (properly a Permian genus) or, at the most, were 
thought to belong to a relatively few closely related genera. In recent dec¬ 
ades, however, our knowledge of them has greatly increased, and we now 
realize that these older actinopterygians include a great variety of fishes 
which will here be termed the order Palaeoniscoidea. A majority of paiaeo¬ 
niscoids were forms of modest size which at first glance would have resembled 
in life their actinopterygian successors, the herring- and minnow-like tele¬ 
osts of modern streams and seas. But there were fundamental differences. 
The scales were of the thick and shiny ganoid structure, usually with a 
rhomboidal shape. The tail was heterocercal, and the cranial pattern was 
that described above as typical of primitive ray-finned forms: large eyes; 
long mouth gape with a maxilla expanded at the back over the solid cheek, 
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to which was bound a large preoperculum; a well-ossified braincase; a shoul¬ 
der girdle with clavicle as well as cleithrum. 

Despite the similarity in general appearance of many of these fusiform 
palaeoniscoids, closer study reveals a great variety in structural detail; there 
is presumably a number of families represented, although the classification 
is as yet far from settled. Cheirolepis (Figs. 63, 67) is the earliest form and a 
primitive one, notable for the tiny size of its square scales, which give it much 
the appearance of an acanthodian. Rhadinichtkys and Elonichthys are repre¬ 
sentatives of a large series of Carboniferous genera with normal body propor- 





Fiq. 67.—Palaeoniscoids. Above, Cheirolepis, a primitive Devonian genus, about \ natural size. (After 
Traquair.) Center, Palaeoniscus of the Permian, about | natural size. (From Traquair.) Below, Canobivs 
of the Carboniferous, about natural size. (From Moy-Thomas and Dyne.) 


tions but varied structure; Acrolepis and Palaeoniscus (Fig. 67) are common 
Permian types. The primitive genera are long-jawed. In many palaeonis¬ 
coids (cf. Fig. 67, Canobius) the gape was shortened without bringing about 
the specializations in construction seen in the later holosteans; a few ad¬ 
vanced palaeoniscoids show marked advances toward the holosteans in head 
structure but are still primitive in other respects. 

A type of fish found in group after group of actinopterygians is one with a 
very deep and narrow body, apparently adapted for life in still waters. Such 
types appeared at an early day among the Carboniferous palaeoniscoids; 
Platysomus and Amphicentrum (Fig. 68) are representative of several groups 
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which, it is thought, independently acquired this body shape. Dorypterus 
(Fig. 69) of the Permian shows a strikingly “modern” character in the fact 
that the pelvic fins have moved forward to a position beneath the throat; 
this is not found in any other ray-finned fishes until we meet with advanced 
tcleosts in the Cretaceous. It is also notable for a highly modified jaw struc- 



Fkj. ()S.—Amp/iU‘cnlruni {(^/icirodun), a dccp-bixlicd ('urboiiifcrous palaconiscoid, about { natural 
.size. (From Traquair.) 



Fiq. 69. — Dorffjptcrus^ an advanced deep-bodied Permian palaeoniscoid, about I natural size. (From 
Wcstoll, modified after (iill.) 

ture comparable to that seen in later holosteans and teleosts, reduction of 
scales, and other features suggesting relationship to the later pycnodonts. 

Still more marked specializations appeared in other offshoots of the palae- 
oniscoid stock, a few of which may be cited here. Carboveles (Fig. 70) is a 
normal form in most respects but has lost most of its scales, retaining patches 
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only on ‘‘chest” and tail. Tarrasius (Fig. 70) in its cranial structure is a re¬ 
spectable member of the group; but postcranially it not only has undergone 
a similar loss of scales but has done away with its pelvics and fused its medi¬ 
an fins into a long continuous structure analogous to that which has evolved 
in the entirely unrelated lungfishes. 

The Carboniferous was the time of the greatest abundance and greatest 
variety for palaeoniscoids. In the Triassic the group dwindled rapidly in 
numbers and variety, for they were being replaced by subholostean and 
holostean forms evolved from them. A few rare palaeoniscoids, of relatively 
conservative structure, lingered on into the Jurassic and even the lower 
Cretaceous before this ancient actinopterygian order became extinct. 

Surviving chondrosteans.—Although the palaeoniscoids have been long 
extinct, they are represented in modern times by a few specialized or degen- 




Fig. 70.—Aberrant Carboniferous palaeoniscoids. Above, Carboveles, in which most of the squamati«>n 
has been lost; about 2 size of original. (After White.) Below, Tarranus. Most of the scales are lost, and 
the median fins are fused into a continuous structure; about | natural size. (After Moy-Thomas.) 

erate descendants. Polypterus (together with an eel-like relative, Calamoich- 
thys) is an inhabitant of fresh waters in tropical Africa. The body is covered 
by thick and shiny ganoid scales— b, primitive feature—and the internal 
skeleton is highly ossified. The median fins are peculiarly developed; the 
dorsal is represented by a series of small “sails” to which the genus owes its 
name; and th^ tail is a nearly symmetrical one. Polypterus is remarkable, as 
has been seen, for the retention of a pair of ventral lungs; their presence may 
have been influential in the survival of this form in a region subject to sea¬ 
sonal drought. 

Polypterus is also notable for the presence of a well-developed fleshy lobe 
in its pectoral fin. Largely for this reason the genus was long thought to be a 
crossopterygian. But in recent years it has become increasingly apparent 
that Polypterus is, instead, a modified survivor of the palaeoniscoid group. 




BONY FISHES 


93 


The scales, when sectioned, show the ganoid structure of actinopterygians 
rather than the cosmoid plan found in the Crossopterygii; the skull pattern, 
while modified, shows no crossopterygian structures; internal nares are ab¬ 
sent, as is a pineal opening. A somewhat lobate fin may occur in palaeonis- 
coids; the fin structure of Polypterus is closer to the ray-finned type than to 
that of the choanate fish. All in all, it seems probable that this archaic fish is 
a modified palaeoniscoid descendant. Connecting links, however, are as yet 
missing; we know almost nothing of the history of the genus. 

More degenerate survivors of the older actinopterygians are the living 
sturgeons, such as Acipenser, and the paddlefishes (Polyodon, etc.) of the 
Mississippi and of Chinese rivers. In these forms ossification has been great¬ 
ly reduced. In the sturgeon there is but little ossification in the internal skele¬ 
ton, and the scales have been reduced to a few rows of large bony scutes; the 
paddlefish is still more degenerate, for there remain only a few small scales 
at the base of the tail. Head structures, too, have changed greatly, for these 



Fia. 71.— ChondrostcHs, a Jurassic fish intermediate between palaeoniscoirls and sturgeons, about 3 feet 
long. (From Smith Woodwartl.) 

bottom scavengers have developed a long rostrum in front of weak jaws. On 
the other hand, the fins are persistently primitive, and there is a typical het- 
erocercal tail such as is found today in no other bony fishes. 

Sturgeon remains are reported from the Tertiary, and paddlefishes are 
represented by Eocene and Cretaceous forebears. Chondrosteus (Fig. 71) of 
the Jurassic appears to show the transition from the palaeoniscoids; for this 
fish, while much better ossified than the modern genera, already showed con¬ 
siderable loss of both dermal and replacement bones, loss of much of the 
squamation, and rostral development. 

These forms show the most extreme example of bone reduction to be found 
among the Osteichthyes. If their evolution had proceeded but a little fur¬ 
ther, they would have slumped to a purely cartilaginous state comparable 
to that of the sharks and, in default of fossil evidence, would probably have 
been considered as primitive cartilaginous fishes—^the reverse of the true 
situation. 

Subhoiasteans. —^A very considerable proportion of the Triassic actinop- 
terygian fauna of both fresh and salt water consists of an array of families 
and genera of fishes which, in both superficial appearance and many anatom- 
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ical features, resemble the palaeoniscoids and have been generally included 
in that group. They show, however, various progressive structural trends in 
which they approach the holostean stage. They may be considered to form 
an order—the Subholostei—although the group is probably an artificial one. 
The subholostean families have probably evolved from typical palaeonis¬ 
coids through several different lines, and our grouping is an example of “hori- 
zontal’’ classification. 

An obvious progressive feature is that the scale-covered lobe of the tail 
tends to be reduced from the full heterocercal condition; it may become a 
very slender structure or an abbreviated stub. The scales, although of ganoid 
type, frequently show the loss of the middle cosmoid layer. "There is some re¬ 
duction in number of the fin rays (cf. p. 96), as in holosteans (and, indeed, 
in some true palaeoniscoids). In the skull the mouth may be somewhat 
shortened, but almost never is there any indication of the specialized modifi¬ 
cations described below as accompanying gape reduction in true holosteans. 



Fio. 72 .—Redjieldia [Catopterufi]^ a Triassic subholostean, original about 5^ inches long. (From 
Brough.) 

The varied Triassic subholostean families show a radiation comparable to 
that of their palaeoniscoid ancestors in the Paleozoic. The Dictyopygidae 
(Fig. 72) are a common and relatively primitive family, which shows little 
departure from typical palaeoniscoid conditions, except that the tail is more 
or less abbreviated and the rays in the paired fins somewhat reduced in num¬ 
ber. The closely related Perleididae exhibit a further reduction in number of 
rays in the paired fins; the body is holostean in appearance, but the head 
structure is still palaeoniscoid. 

In these and other typical subholostean groups there was obviously con¬ 
siderable variation in habits and environment. The dictyopygids appear to 
have been mainly fresh-water forms, the perleidids marine. The perleidid 
Colobodus was a large codfish-like form, several feet in length; Habroichthys, 
on the other hand, was a tiny plankton-feeder barely an inch in length. Dol- 
hpterus had huge pectoral fins suggesting a modern flying fiish. 

As in the palaeoniscoids, varied deep-bodied types are present. Cldthrolep- 
is (Pig. 73), for example, is a form which, except for tail reduction and some 
modification in fin-ray members, rather closely resembles the platysomids 
and may not improbably have come from that group. Bobasatrania^ perhaps 
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likewise a piatysomid descendant, is a second deep-bodied form, in which the 
tail is still fully heterocercal but in which fin-ray reduction, on the other 
hand, is far advanced and there are apparently marked modifications in the 
opercular and cheek regions. This form has been suggested as a possible an¬ 
cestor of the holostean pycnodonts. 

l^he I'holidopleuridae show a curious mixture of primitive and advanced 
features. In the change of the tail to an almost typical homocercal condition 
and the loss from the scales not only of the cosmine layer but also of the su¬ 
perficial covering of ganoine, these fishes are as advanced as the teleosts; 
however, the fins, except the caudal, show typical primitive palaeoniscoid 
structures, and the skull, except for a few specialized features, is of a palaeo- 
iiiscoid type. 



Fig. 7S. — Cleithroleirla, a <leep-bodied IViussic subholostean, about natural size. (From Brough.) 


A very specialized holostean side branch, perhaps descended from the last 
family, is seen in Saurichihys (Fig. 74), a long-bodied, long-beaked, sharp- 
toothed predaceous form. The genus is advanced in the complete reduction 
of the scaly lobe of the tail, specialized like the sturgeon in the reduction of 
the scales to a few longitudinal rows of scutefs, but primitive in the type of 
fin rays and in the essential features of jaw construction (although there are 
special modifications here). 

Very advanced types are represented by the early Triassic genera Para- 
semionotus and Ospia, The tail is reduced, as is the fin-ray number; the scales 
have lost the cosmoid layer (although not the ganoine). The jaws are not 
merely shortened but show structural changes suggesting those seen in the 
holosteans. Quite possibly they may be actual ancestors of certain of the 
holostean families. 

As has been said, the subholosteans are, in all probability, an artificial as¬ 
semblage, merely an evolutionary stage reached independently by several 
lines of palaeoniscoid descendants; but the term is a useful one, to be retained 
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until our knowledge of actinopterygian relationships is on a firmer basis than 
is the case at present. Presumably, most of the subholostean families were 
sterile lines, which died out by the end of the Triassic. On the other hand, it 
is quite possible that some (although not all) of the forms included in the 
Holostei were derived from subholostean ancestors. 

Holosieans.—We shall here group as the superorder Holostei a large, 
varied, and probably composite assemblage of actinopterygians intermediate 
in structural features between Chondrostei and teleosts; forms particularly 
abundant in the middle Mesozoic and represented today only by two Ameri¬ 
can fresh-water fishes—the garpike, Lepidostem, and Amia, the so-called 
dogfish or bowfin. 

In the holostean grade of organization are seen, to begin with, the progres¬ 
sive features encountered in many subholosteans. The heterocercal tail is 
always much abbreviated, and in the more progressive Holostei it gained a 
superficially symmetrical appearance, but there is not the specialized iriter- 
I nal condition characteristic of the true homocercal tail. I'he scales have lost 



V'lo. 74.— SaurichlhyiilBclonorhynchua]^ a predaceous Tria.ssic and Lower Jurassic subholoslcan, about 
20 indies long. (From Smith Woodward.) 

the middle layer of cosmine, but the superficial ganoine scale-covering per¬ 
sists to a variable degree. Bony fin-ray reduction in the fins is marked. These 
structures, originally fine, numerous, and segmented along their length, have 
been reduced to a relatively few stout and unjointed structures, which in the 
median fins usually correspond in number to the supporting structures of the 
internal skeleton. The single dorsal air bladder functions slightly as a lung 
in living forms, although its chief use is hydrostatic. The spiracle has been 
lost, and in the shoulder girdle the clavicle has disappeared. Ossifications 
are often developed in the central region of the vertebral column. 

It is in the jaw mechanism that distinctive holostean characters are best 
seen. In palaeoniscoids generally, the mouth opening was elongated, with 
the jaw joint far back; in subholosteans the jaw articulation frequently 
moved well forward, but in most cases the essential palaeoniscoid structural 
features remained unchanged. In the holosteans, however, the architecture 
of this region is much modified (Fig. 75; cf. Fig. 82). The maxilla is reduced 
in length, loses its original posterior expansion, and becomes freed posterior¬ 
ly from the preoperculum (and internally from the ectopterygoid as well). 
Dorsally, too, the maxilla may be loosened from its original contact with the 
bones below the orbit; a special supramaxillary element may develop along 
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its upper edge. 'I'here is thus initiated a reduction of the maxilla which is to 
result, in advanced teleosts, in its entire elimination from the functional 
margin of the mouth. The preoperculum is reduced in size to a crescent form¬ 
ing an anterior margin to the gill cover, and a new interopercular element 
farther ventrally helps fill the gap left in the throat armor by the forward re¬ 
treat of the jaws. The orbit is still bordered posteriorly and ventrally by a 
variable ring of circumorbital elements, but the originally complete covering 
of the cheek has been lost; this region may be left more or less bare or be 
covered by a variable series of plates. 

With the breaking-down of the cheek region, the entire thrust of the lower 
jaw must be carried by the internal upper-jaw structures and the hyomandib- 
ular; the hyomandibular, the quadrate, and the epipterygoid are all much 
enlarged as jaw supports, and an extra bone—^the symplectic—may unite 
the quadrate with the hyomandib¬ 
ular. 

The brainease is known in but 
few holosteans. In the older holos- 
teans, ossification was fairly com¬ 
plete, but sutural distinctions be¬ 
tween regions are generally appar¬ 
ent. 

Within the Holostei may be dis¬ 
tinguished a number of groups, 
which we shall here consider as 
orders. First to appear in time is 
that represented by the Semiono- 
tidae, of which Semionotus of the 
Triassic and Lepidotus (Fig. 76) 
of the Jurassic are typical and com¬ 
mon representatives. These are 
rather heavily built fishes, and Dapedius (Fig. 77) is a deep-bodied form analo¬ 
gous to types already seen in earlier actinopterygian groups. The short mouth 
was armed with peglike or rounded teeth, indicating that some hard type of 
invertebrate material formed the food supply. The scales in this group are 
still thick and shiny structures, with a heavy layer of ganoine. The earliest 
semionotid appeared in the Upper Permian, and hence it is certain that the 
family did not come from the subholostean assemblage but must have arisen 
directly from some palaeoniscoid. On the other hand, the specializations in 
dentition and other features seen in semionotids tend to exclude them from 
the ancestry of other holosteans. 

The modern garpike {Lepidosteus)ol kmmcoxi waters is usually bracketed 
with the Semionotidae. The gars, whose pedigree traces back only to the 



Fig. 75. —Side view of tlie skull of the Jurassic 
holostean, Ileierolepidotus. In contrast with palaeonis- 
coids (Fig. 63) the gape is shortened, the cheek cover¬ 
ing is reduced, and the small maxilla (and new super- 
maxilla) separated from it; the lower jaw is supported 
by deeper structures (cf. the teleost condition, Fig. 
82.) on. Angular. For other abbreviations see B'igure 
62. 
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Eocene, have, like the semionotids, retained thick ganoid scales and exhibit 
basic similarities to that family in the internal construction of the skull. But 
they must have had a long independent history, for they are very different 



Fig 76 .—Lepidutus miiwr^ a deep-bodied Jurassic seiiiionolid, original about 1 fool long. (From Smitl) 
Woodward.) 




Fia. 77.— Dapedim^ a deep-bodied Jurassic holo.stean (Seniionoiidae), al>out 14 inches long. (From 
Smith Woodward.) 

in adaptive features associated with predaceous habits. The teeth are sharp, 
and great elongation of the jaws is associated with marked modifications in 
dermal bone arrangement. The body, too, is markedly different—^long and 
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slim, with dorsal and anal fins far back, and an advanced, nearly homocercal, 
tail construction. 

Aspidorhynchvti (Fig. 78) and Rclonostomns are Upper Jurassic and Cre¬ 
taceous holosteans which resemble the gars in the retention of thick scales 
and in body adaptations related to fast-swimming and presumed predaceous 
habits. However, they show very different cranial structures, which make 
close relationship improbable, although these fishes, like the gars, are of un¬ 
known pedigree. The jaws are moderately elongate; but, in addition, there is 
developed a long, bony, toothless rostrum, a structure which finds a parallel 
in other holosteans and teleosts. 

A prominent holostean family is that of the Pycnodontidae, including 
such genera as Pycnodus, CoeloduSy and Microdon (Fig. 79)—common in the 
Jurassic and persisting (in contrast to most holosteans) until the Eocene. In 
these peculiar forms the body was nearly circular in outline, as in various 
earlier families, but the appearance was markedly different. Much of the 



Fia. 78.— AnpidorhynchuSt an al>errant predaceous Jurassic holostean, about 2 feet long. (From Ass- 
mann.) 

squamous covering of the body was lost or transformed into a latticework of 
jointed rods. There was a short, deep beak terminating in a tiny mouth filled 
with pebbly teeth, perhaps adapted for coral-nibbling in the quiet reef 
waters which may have been a favored environment. The pycnodonts are 
holosteans in general organization and somewhat resemble the contemporary 
semionotid, Dapedius, in superficial adaptive features. But their specializa¬ 
tions show that there is no connection with semionotids or other holostean 
groups. Again, we must seek a separate pre-holostean origin for these forms, 
and some of the round-bodied subholosteans appear to be possible ancestors. 

The typical and central group of holosteans, which we may term (after 
their sole living representative) the order Amioidea, includes some four fam¬ 
ilies of fishes which dominated the Jurassic seas (fresh-water fishes of that 
age are poorly known). There are a few Triassic forerunners; very few per¬ 
sisted beyond the Lower Cretaceous. In these fishes we find typical holos¬ 
tean skull structures, with relatively few specializations. The body is gen¬ 
erally of a conservative fusiform shape; the tail fin greatly reduced but with¬ 
out any homocercal specialization; the scales still covered with ganoine but 
becoming relatively thin. The most primitive family is that containing Catu- 
riis (Fig. 80) and Eugnathus [Furo], A small but distinct scaly lobe remains 
on the tail, and fulcral scales (lost in higher groups) persist; the scales, too. 
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tend here to be rather thicker than in later families. The earliest caturids 
closely resemble the Parasemionotidae, and caturids (and through them the 
other typical holosteans) may have descended from this Triassic subholos- 
tean group. The Macrosemiidae (Fig. 80 ) are related forms which tend to 
develop into somewhat elongate and delicate fishes with long dorsal fins. 
Pachycorvius and Hypsocormus (Fig. 80 ) represent a small group in which a 
heavy bony rostrum developed. In a Cretaceous genus (Protosphyraena) 
this rostrum became much elongated and comparable to that of the sword¬ 
fishes among teleosts. In relation to rostral support the body has a rather 
deep, “hump-backed” shape. The fourth family is that of the Amiidae (Fig. 
80 ), represented by Jurassic and Cretaceous genera and by numerous re- 



Fig. 79.— Microdon^ a Jurassic pycnodont, about 5 inches long. (From Smith Woodward.) 

mains of the living Amia, or its close relatives, in Tertiary fresh-water de¬ 
posits. This family has very probably descended from caturid ancestors, but, 
in addition to the diagnostic feature of an elongate dorsal fin, shows such de¬ 
generate or advanced characters as an elongate body, reduction of braincase 
ossification, thin scales, and development of a nearly homocercal tail. 

A final group of holosteans is that of a series of families—Pholidophoridae 
(Fig. 81 ), Archaeomaenidae, Oligopleuridae—which closely approach the 
teleosts in structural features and appear to be transitional to them. So close, 
indeed, is the resemblance that some writers include them among the tele¬ 
osts; and, on the other hand, Leptolepis and its relatives, here considered as 
primitive teleosts, are often bracketed with these famflies as advanced holos¬ 
teans. In these forms—small fishes which range from the late Triassic into 
the Cretaceous—^the scales are quite thin, although covered with a film of 
ganoine, and the tail is close to the homocercal condition. Skull structure in. 


BONY FISHES 


101 


for example, the development of a supraoccipital element in the braincase 
is becoming very teleost-like. The ancestors of part, if not all, of theTeleostei 
may well have been members of this advanced holostean group. 

The ancestry of these little forms is none too certain. One would at first 
assume that they had arisen from generalized holosteans, such as the caturids. 





Fig. 80. —Typical Jurassic holosteans of the order Amioidea. In order: Calurus (Caturidae) (this and 
the following much reduced in size); Amtopsis (Amiidae); Hypsocormus (Pachycorinidae)» about natu* 
raJ size; Ophioptis (Macrosemiidae), i natural size. (From Smith Woodward.) 

But some pholidophorids were already present in the Triassic, and these ad¬ 
vanced forms may also have arisen directly from subholostean ancestors. 
Holostean history is, as we have seen, essentially a Mesozoic story. Except 
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iu the case of the semionotids, these forms are unknown until late in the Tri- 
assic. By the end of that period they had replaced the subholosteans, and the 
known fish faunas of the Jurassic and Lower Cretaceous are composed almost 
exclusively of holostean genera. By Upper Cretaceous times, however, their 
descendants—^the teleosts—had almost completely replaced them. A few 
pycnodonts remained in the Eocene; in the later Cenozoic only gars and 
Amia remain of this once important group. 

As has been seen, the Holostei should be regarded as a structural stage 
rather than a natural group. The evidence strongly suggests that this stage 
of evolution was attained independently from presumed subholostcan or 
palaeoniscoid ancestors by different families of the Holostei. The group is 
thus, in all probability, an artificial “horizontar* assemblage. However, it 
seems best (as in the case of their predecessors, the subholosteans) to retain 
this type of classification until their true evolutionary story is better under¬ 
stood. 



Fig. 81. —Pholidophorusy an advanced Jurassic holostean, about 9 inches long. (From Smith Wood¬ 
ward.) 

Primitive teleosts. —The teleosts are the successful fishes of today, the 
culmination of the series of phylogenetic stages seen in the more typical 
chondrosteans and holosteans. Primitive transitional types appeared in the 
Lower Jurassic seas and were abundant by the end of that period. In the 
Cretaceous a wide variety of teleosts was evolved, and by Eocene times 
every major group of these fishes had appeared. In the Upper Cretaceous 
they far outnumbered the holosteans, and they have since been the dominant 
fishes of both fresh and salt waters. 

The diagnostic features of the teleosts are merely the further expression 
of evolutionary tendencies already seen at work in the lower ray-finned 
fishes. The thin, deeply overlapping scales are so reduced that the shiny 
ganoid surface layer disappears and the fulcral scales are reduced or lost en¬ 
tirely. The internal skeleton is composed almost entirely of bone, including 
complete ossification of the vertebrae (in contrast to the usual holostean 
condition). In the skull (Fig. 8^) a supraoccipital bone, small or absent in 
lower actinopterygians, appears as a new and prominent structure which, in 
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advanced groups, separates the parietals. The vomers are fused into a single 
median bar. In most groups of fishes, batteries of crushing teeth, when pres¬ 
ent, tend to form on the palatal bones above and on the inner surface of the 
lower jaw; in numerous teleosts in which such dentitions develop, the upper 
tooth battery tends to concentrate on the parasphenoid, while the opposing 
lower teeth are attached to the bones of the pharyngeal floor. The lower jaw 
has a reduced number of elements, only the bones termed dentary, angular, 
and articular persisting. With few exceptions, the median gular has disap¬ 
peared. 

^ The tail has become homocercal; superficially it is perfectly symmetrical, 
but internally there is still a trace of the uptilted end of the axial skeleton, 
and the fin rays are supported by enlarged haemal arches, known as hypural 
bones. Functionally, this tail is very similar to the diphyccrcal type attained 



Fig. 82 . —The skull of Lrptolcpis. LefU superficial lateral view of skull, jaw, and opercular apparatus. 
Rights the dermal bones of the head removed to show the braincase and lower jaw and the support of the 
latter structure by the palatoquadrate and hyoid elements. /t7», Ilyomandibular. For other abbreviations 
see Figure 62. (After Rayner.) 

in other fishes; but here the entire fin is developed from the lower lobe of the 
original heterocercal tail fin, whereas the diphycercal type is formed equally 
from upper and lower lobes. The primitive ray-finned forms, as we have 
noted, almost entirely lacked an upper lobe, l^he diphycercal type was thus 
diflScult of attainment, but in the homocercal tail the same functional end 
has been attained by other means. 

Within this group there has been a tremendous amount of variation. Prim¬ 
itive teleosts possessed a normal fusiform body shape; but later members of 
I the group have evolved in almost every conceivable direction—into the 
! elongate eel type of body, into deep-bodied forms paralleling platysomids 
[ and pycnodonts, and into such weirdly shaped types as the sea horse. The 
i scales may be lost entirely, as in typical catfish; or the body may be armored, 
j as in other catfish and sea horses, in bony plates, giving a superficial resem- 
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I blance to some of the old ostracoderms. The fin rays or fulcral scales may be 
stiffened into spines, as is the case in the higher members of the group. The 
median fins may coalesce; the pelvic fins in advanced groups tend to move 
forward and reach a position beneath the shoulder region or even, as an ex¬ 
treme, beneath the jaws. In the upper jaw the premaxilla tends to lengthen 
and exclude the maxilla from the margin of the jaws. The latter in advanced 
forms is so articulated that it aids in the protrusion of the mouth, pushing 
the premaxilla forward when the jaws are opened. The air bladder has lost 
all trace of breathing function and is purely a hydrostatic organ; and its con¬ 
nection with the gut may be lost altogether, the sac manufacturing gas within 
its own membranes. 

Modern teleosts carry in the liquid-filled sacs of their internal ears tiny 
calcareous concretions—otoliths, which have characteristic shapes depend¬ 
ing upon the varied contours of the membranous sacs in which they are 
formed. These ear stones are not uncommon as microfossils in various Tei*- 
tiary clays and give valuable evidence of the presence of forms unknown 
from ordinary skeletal evidence. 

The vast majority of living teleosts are marine in habitat, and so apparent¬ 
ly were most of the older-known forms, thus suggesting that the group orig¬ 
inated in the sea. Very probably this was the case, but it must be noted that 
fresh-water fish-bearing deposits are rare in late Mesozoic rocks. A fair num¬ 
ber of modern genera dwell in inland waters, and a number (the salmon and 
eel are familiar examples) divide their time between the two habitats. At the 
other extreme, many teleosts (particularly, it would seem, “refugee’’ mem¬ 
bers of primitive groups) have become abyssal, deep-sea types. 

The teleosts comprise not only some twenty thousand or more living spe¬ 
cies but a vast array of fossil forms as well. How to arrange and classify this 
huge assemblage is a perplexing problem. Modern students of living fishes 
have tended to divide the group into as many as twenty or more distinct or¬ 
ders and hundreds of families. We shall not attempt to give any comprehen¬ 
sive account of all the multifarious teleost types but shall content ourselves 
with a brief review of the character and history of the principal orders and 
suborders arranged in a somewhat conservative system (cf. Fig. 83). 

The more primitive forms, those which have departed least from the struc¬ 
ture of their holostean ancestors, may be grouped as the Isospondyli. Their 
diagnostic characters are mostly of a negative and primitive nature. The fins 
(in contrast to advanced types) are supported by numerous soft dermal rays; 
the pelvic fins are in the original abdominal position; the air bladder still has 
an open duct; the maxilla is of a primitive structure. The earliest-known 
teleosts were isospondyls; and Leptolepis (Figs. SS, 84), a small Jurassic fish., 
may have been close to the ancestry of the whole order. In this genus and its 
close allies we have forms which are, in general, teleostean in nature but 
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which exhibit transitional characters. The hypural bones of the tail, for ex¬ 
ample, were little expanded; and, although the scales are thin, there is still a 
trace of ganoine on the surface. 

The herrings (Clupea) and particularly the tarpon are among the most 
primitive of living isospondyls—the suborder Clupeoidea. The Cretaceous 


SCOMBROIDEA 



Fio. S3.—A diagram of the arrangement and relationships of the main teleost groups 

seas were inhabited by a large series of fishes related to these modern types, 
ranging in size from modest forms to such giants as Portheus (Fig. 85), which 
ran up to a length of 15 feet or more. These early clupeoids very probably in¬ 
clude the ancestors of most of the later teleost groups; for example, Cteno- 
thrisaa appears to be transitional to the advanced spiny teleosts. 

The salmon and trout are representatives of a somewhat specialized series 
of isospondyls (Salmonoidea) which live, rather indifferently, in both the 
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fresh and the salt waters of the Northern Hemisphere; some are even deep- 
sea types. f)ne feature of the group is the presence of a fatty “adipose” fin 
posterior to the normal dorsal. In some the skull is rather degenerate, with 
thin bones and a considerable amount of cartilage. We know relatively little 
of their fossil history, but they were present at least by Eocene times. The 
Stomiatoidea are voracious, large-mouthed isospondyls found today in the 
deep seas. Stomiatoids were already present in the Cretaceous; in addition 
to typical members of the group, there were then numerous examples of an 
early family of which Enchodus and EuryphoUs (Fig. 86) are representative. 
Fossil deposits from the deep seas are rare; the early stomiatoids may have 



Fig. 84. —Ltiploleph dubius, ii primitive Jurassic teleost, original about 9 inches long. (From Smitli 
Woodward.) 



Fig. 85 .—Portheus nudonsus^ a giant Oetaceous teleost, original about 12 feet long. (From Osborn.) 


been surface fishes whose modern descendants have been forced through 
competition to seek refuge in the deeps. 

The osteoglossoids and related types include a number of families of living 
fresh-water isospondyls with a tendency toward elongate body shape and 
other specialized features. They are common in South America; moderately 
abundant in Africa, southern Asia, the East Indies, and even Australia; but 
almost unknown in northern regions. This distribution is interesting from 
the point of view of zoogeography and has been used as evidence to support 
the theory that these southern continents must once have been connected. 
However, typical osteoglossoids, such as Phareodus, are known from the 
Eocene of both North American and Europe, and hence the present distribu¬ 
tion appears to be but the restriction to the tropics of a group once world¬ 
wide. 
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An early side branch of the primitive teleost stock is that which includes 
the carp and catfish and their relatives, the order Ostariophysi. This numer¬ 
ous group includes a majority of existing fresh-water fishes. A peculiarity is 
the development of a chain of small bones, formed from parts of the anterior 
vertebrae and ribs, which run from the air bladder to the ear and appear to 
be concerned with hearing; this odd structure is in itself sufficient to separate 
them from the isospondyls. Of the more primitive members of the order, a 
whole serk‘s of families (characins) now inhabits South America but has few 
fossil representatives. Among northern-continent types, the suckers (catos- 
tomids) and loaches (cobitids) are represented by a few Tertiary fossils. The 





Fia. 80.—Telco.st.s. Above, Eurypholis, a Cretaceous stomiatoid, about half natural size. Center, 
Benthesikyrne (Leptotrachelus), a CVetaceous member of the Heteromi, about I natural size. Below, 
Palaeorhynchus, an Eocene scombroid, about i natural size. (From Smith Woodward.) 

largest family of the order is that of the Cyprinidae, which includes not only 
the European carp but many hundreds of smaller northern-continent fishes 
usually termed minnows. Their remains are frequent in Tertiary deposits. 

The catfishes (siluroids), in which normal scales are absent, are widely dis¬ 
tributed today. A few types are present in North America, Europe, and north¬ 
ern Asia; the catfish, however, are mainly found in the tropics, both South 
America and Africa having numerous genera. Catfish are known from vari¬ 
ous stages of the Tertiary. 

The abundance of Ostariophysi in the southern continents presents a 
zofigeographical problem similar to that already noted in the case of the 
osteoglossoids. The origins of the order are practically unknown. Some Cre- 
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taceous scales are comparable to those found in primitive Ostariophysi; 
Lycoptera, a primitive Lower Cretaceous teleost from Asia, may be ancestral 
but lacked the peculiar ear bones diagnostic of the grouj). 

The order lleteromi includes today only a few deep-sea fishes with long 
heads, long bodies, and long tails on which the true caudal fin has disap¬ 
peared and has been replaced by a long anal and dorsal. A few typical genera 
of this group were already present in the Cretaceous, at which time, too, we 
find possible ancestors in Derceiis and related types (Fig. 80), equally long¬ 
bodied but with a normal series of fins. 

The eels—the order Apodes—resemble the last group in their body elonga¬ 
tion; the paired fins are absent in modern forms, the scales are rudimentary 
or absent, and the upper part of the opercular covering has been lost. These 
carnivorous fishes have a peculiar, specialized type of mouth structure; for 
example, the premaxillae appear to be absent and are replaced functionally 
by the vomers. The group as a whole is marine, although a number of spe¬ 
cies spend their adult life in fresh waters. Several families of typical eels are 
known from the Eocene onward; the Cretaceous genera, Urenchelys and 
Anguillavus, show rather more primitive conditions in the median fins, and 
pelvic fins were still present in the latter. 

We shall here treat as the order Mesichthyes, or “intermediate” teleosts, 
a rather artificial assemblage of groups of fishes intermediate in structure be¬ 
tween primitive teleosts and the advanced spiny types (Acanthopterygii) 
discussed below. Most characteristic of their progressive structural features 
is the tendency for the premaxilla to elongate and exclude the maxilla from 
the margin of the jaw. The suborder Haplomi includes but a small number of 
fresh-water forms, which are characterized by the fact that in the large mouth 
the maxilla, although toothless, still takes part in the gape. The pike, EsoXy 
is a familiar representative, and fossil pikes are known from Eocene times on. 
The suborder Iniomi (Scopeloids) (Fig. 87) are forms from the high seas 
(many from deep water). They resemble in many respects the stomiatoids 
among the isospondyls and may have descended from them; however, the 
exclusion of the maxilla from the jaw margin is a progressive feature. The 
group appears to be an ancient one, for it was already present in the Creta¬ 
ceous. 

The suborder Synentognathi consists of a rather miscellaneous collection 
of forms which are, however, held together by technical characters. Included 
are the needlefishes {Behne, etc.), with one or both jaws greatly elongated, 
and the flying fishes, with much-enlarged pectoral fins. Both types are repre¬ 
sented in the Tertiary. The suborder Microcyprini—^killifishes and minnows 
of various sorts—are small fresh-water forms with tiny and often protractile 
mouths. The suborder Thoracostei contains but a small numb^ of small 
fishes; among them are such grotesque forms as the pipefish (^Syngnathus) 



BONY FISHES 


109 


and the sea horse, while the sticklebacks (Gasterosteus) are apparently primi¬ 
tive members of the group. The mouth, again small, is generally at the end 
of a long tubular snout; the body is elongate and usually incased in bony 
armor; paralleling conditions in the acanthopterygians discussed below is a 
tendency for the development of spines on the fins. Several of these curious 
types were already present in the Eocene. As a final suborder of transitional 
teleosts we include here the Salmopercae. These comprise only a few genera 
of obscure North American fresh-water fishes (trout perch, pirate perch) 
and 'Tertiary ancestors from this continent. Here there are approaches to the 
acanthopterygian condition in the appearance of a few spines in the fins and 
the tendency for migration of the pel vies forward from their primitive posi¬ 
tion. 

Spiny teleosts. —The top rank in actinopterygian evolution is that oc¬ 
cupied by the spiny teleosts, here treated as a single large order, the Acanthop- 
terygii, although split into a number of ordinal groups by many workers on 
recent teleosts. The name is due to the development of stout spines on the 
dorsal, anal, and paired fins in most of these forms. Even in many rather 
primitive types a number of the anterior dermal rays of the dorsal and anal 
fins (perhaps relics of the former fulcral scales) tend to become stiff, un¬ 
jointed, spiny structures, which in the dorsal fin are frequently set off clearly 
from the softer rays posterior to them as a more or less independent fin struc¬ 
ture. A similar spiny development may take place in the paired fins of the 
more progressive types. The pelvic fins move forward from the primitive 
position and lie beneath the thoracic region or even farther forward, beneath 
the head; the pectoral girdle by its forward movement becomes attached to 
the cleithrum. The scales become, so to speak, frayed out posteriorly into 
comblike structures—the ctenoid type, in contrast with the round-edged, 
cycloid form characteristic of lower teleosts. Although there are numerous 
variations, the more primitive forms appear to be rather deep-bodied, as in 
the perch and bass. 

The skull becomes much modified. The dermal bones tend to sink beneath 
the skin and become secondarily covered with scales. The opercular elements 
frequently bear posteriorly directed spiny processes. As was true in most of 
the Mesichthyes, the toothless maxilla is excluded from the border of the 
mouth, and in many cases the premaxilla is so constructed that the moutli 
is made protrusile, 

A few genera of Acanthopterygii appear in the Cretaceous; the group be¬ 
came increasingly important and numerous during the Tertiary. While 
many of the lower teleosts are fresh-water forms, the majority of spiny 
forma are marine, and the evolution of the group appears surely to have 
taken place in the sea. The spiny teleosts are highly varied, but with all 
sorts of intermediate types between the extremes; as a result they are very 
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difBcult to classify, and no uniform or generally accepted system exists. We 
shall here consider them as a single order but with numerous suborders, 
which will be listed and discussed in turn. 

Suborder Berycoidea, a basal stock of the spiny teleosts. The berycoids 
are rather deep-bodied, short-headed, and large-mouthed—features which 
are apparently primitive in the spiny teleosts as a whole. Spines are present 
on dorsal and anal fins, but not so conspicuously developed as in more ad¬ 
vanced groups. Only a few berycoids are present in modern oceans, but, in 



Fiq. 87.—Teleosts. Upper lejt^ Aipichthys^ an Tpper Oelaceous carangoid, about i natural size. 
Upper right, Hophpteryx, an Tapper Oetaceoiis berycoid, about t natural size. Ijower left, Myciophvm, a 
late Tertiary deep-sea member of the Iniomi, about natural .size; the spots are remains of light organs. 
Imoer right, a fo.ssiI carangoid (Mcnc) from the Eocene. yef^tphum aher Aranibourg; others from Smith 
Woodward.) 

the Upper Cretaceous seas, Iloplopteryx (Fig. 87) and a number of other 
genera were present. They were almost the only spiny teleosts present at 
that time. 

Suborder Zeoidea, including the recent John Dory {Zeus)^ boarfish (Ca- 
pros), etc. A small group of thin, deep-bodied primitive acanthopterygians, 
not clearly marked oS from the berycoids; they have been thought to be re¬ 
lated to the flounders but are not otherwise of great importance. 
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Suborder Percoidea, the perches and their relatives, a vast and heterogene¬ 
ous assemblage including the typical spiny fishes. The fins are well advanced 
in the development of the spinous condition, and technically they are readily 
distinguished from the berycoids by the fact that the originally numerous 
rays in the pelvic fins are reduced to five or six elements. The exact bound¬ 
aries of the group are difficult of definition. All the more advanced acanthop- 
terygians are, it is generally agreed, derived from the percomorphs, but there 
is no general agreement as to just which of these fishes should be considered 
the types of independent groups and which should be left in the Percoidea as 
a general “catch-all.” By some writers one hundred or more families are in¬ 
cluded. Here we shall use the term in a less comprehensive sense and consider 
various groups derived from the perches as constituting a series of separate, 
although related, suborders. Even so restricted, the percoids form an ex¬ 
tremely large series of fishes, mainly marine and including such familiar 
types as perch {Perea), fresh-water sunfish (Centrarchidae,) bass {Serranus, 
etc.), snappers (Luiianus), porgies (Spams), weakfish (Sciaenidae), and 
parrot fishes (Scaridae). Only a few percoids were present in the Cretaceous, 
but they are abundant in the Eocene and later epochs of the Tertiary. 

Suborders Scombroidea, Carangoidea (Fig. 87), the most progressive, in 
many respects, of percoid descendants, which, in the scombroids, tend to 
abandon the deep-bodied form of the percoids and become speedy swimmers 
with a long “streamlined” body and a deeply cleft tail. The mackerel, tunny, 
swordfish, and sailfish {Scomber, Thunnus, Xiphias, Histiophorus) are famil¬ 
iar examples of the scombroids. The carangoids, such as the cavallas and 
pompanos, are less specialized and rather deep-bodied representatives. As 
with the percoids, these forms are almost unknown in the Cretaceous but 
abundant throughout the Cenozoic. 

Suborder Trachinoidea, the weavers and related fishes. They are slender, 
long-bodied types, with elongated dorsal and anal fins and with the pelvic 
fins placed somewhat in advance of the pectorals—the “jugular” position of 
these fins. There are a score of living marine families of this group, but they 
are little known as fossils. 

Suborder Blennioidea. Similar in most features to the last suborder, the 
blennies typically are small fishes frequenting rock pools along the ocean 
shores. The pelvic fins are much reduced, but the pectorals are large and in 
some cases are used to enable the animal to skip or clamber among the rocks. 
Again, as with the trachinoids, there is a wide diversity of living forms but 
only a scattering series of Tertiary fossil records. 

Suborder Anacanthini. Probably from blennioid ancestors have come the 
codfish and related forms. In almost all characters these fishes are typical 
acanthopterygians; and in their elongate body with tapering tail, long dorsal 
and anal fins, and small “submental” pelvic fins beneath the chin, the cod- 
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fishes are seemingly close to the blennioids. A stumbling block to a belief 
in the descent of the Anacanthini from blennioids has, however, been the 
fact that (as the name implies) the cods have soft-rayed fins, with, at the 
most, only a slight development of spinescence in the dorsal. It is, however, 
possible that the absence of spines is a degenerate, rather than a primitive, 
feature. Fossil codfish skeletons are rare, but otoliths, at least, occur in a 
number of Tertiary formations. 

Suborder Chaetodontoidea, including the butterfly fishes (Chaetodon), 
angelfishes (Ilolacanthiis), and other gaily colored types frequent in the still 
waters of coral reefs. The body is very deep, the mouth a small but powerful 
nibbling apparatus. These forms are close to the percoids and are often in¬ 
cluded with them; their fossil record carries back to the Eocene. 

Suborder Plectognathi. We shall use this term to include broadly a varied 
series of specialized fishes which may well be derived from a primitive 
chaetodont stock. The mouth is, as in chaetodonts, tiny, but the jaws are 
nevertheless powerful and armed with heavy teeth. Remarkable among 
teleosts is the fact that the upper jaw gains extra strength by fusion with the 
braincase. In contrast to chaetodonts, the mouth is at the tip of a snoutlike 
prolongation of the skull far in advance of the orbits, thus giving a “horse¬ 
faced” appearance to the head. The pelvic fins tend to disappear. In ad¬ 
vanced plectognaths—^the scleroderms—there are further specializations. In 
a series of families of which the modern triggerfishes (Balistes) and filefishes 
are representative and which range as far back as Stephanodus in the Upper 
Cretaceous, an anterior spine of the dorsal fin becomes greatly enlarged and 
sometimes serrate or movable. Other specialized types are the trunkfish 
(Ostraciidae), in which the stout body is secondarily incased in armor; the 
puffers (Tetraodontidae), capable of enormous body distention; the porcu¬ 
pine fishes (Diodontidae), with a spiny armor; and the oceanic sunfishes 
(Molidae), in which the body is so short that the fish appears to be merely a 
large deep head. All these families are known in the Tertiary, and all except 
the last can be traced to the Eocene. 

Suborder Heterosomata, the flatfish—^flounders, soles, and halibuts. These 
forms are, in a sense, teleost analogues of the skates, in that they have be¬ 
come flattened bottom dwellers. This, however, has been accomplished in a 
peculiar fashion. The flatfish have been derived from thin, deep-bodied 
acanthopterygians which have settled to the bottom on one side, with result¬ 
ing asymmetrical developments of the new upper and lower surfaces in such 
features as position of the eyes and structure of the jaws. As with many 
groups of spiny fiishes, the Heterosomata date from the Eocene. 

Suborder Scorpaenoidea (Scleroparei), or mail-cheeked fishes and their 
relatives, including a considerable variety of smaller marine forms, such as 
the scorpion fishes (Scorpaena), sculpins (Cottidae), gurnards (Triglidae), 
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and sea robins. Projecting spines are often present on the opercular and pre- 
operciilar, and the head may be secondarily armored with dermal bone. A 
characteristic feature is the fact that the suborbital bones are much elon¬ 
gated and brace the face against the preopercular bone. The pectoral fins 
tend to be powerful spiny structures. Members of the group are known from 
the Eocene onward. 

Suborder Batrachoidea (Haplodoci), the toadfishes, ugly-looking, flat¬ 
headed, broad-mouthed bottom dwellers with powerful armlike pectoral 
fins. They are unknown as fossils but suggestive of ancestry to the next 
group. 

Suborder Pediculati, the anglers. The group includes various bottom 
dwellers and deep-sea types which have large mouths and distensible bodies 
for swallowing their prey whole; they have a most unusual feature in that the 
first spine of the dorsal fin, overlying the head, carries a dangling tassel or 
bulb which acts as a lure to prospective victims. Little is known of them as 
fossils. 

The remaining suborders listed are relatively unimportant, aberrant, 
“odds and ends” of the spiny teleost stock. All (except the last two) are rep¬ 
resented to some extent by Tertiary fossil remains. Suborder Gobioidea: 
small shore dwellers, such as the tropical mudskipper. Suborder Anabantoid- 
ea: the climbing “perch” and snakehead, with gill modifications which enable 
them to survive long absence from the water. Suborder Mugiloidea: mullets, 
silversides, and barracudas, in which (perhaps secondarily) the pelvic fins 
are rather far back toward their original position. Suborder Ammodytoidea: 
the sand lances, small, slender, silvery fishes with toothless jaws. Suborder 
Echeneoidea: the shark suckers or remoras, with the anterior part of the dor¬ 
sal fin transformed into a sucking disk. Suborder Xenopterygii: the ding- 
fishes, also with a sucking disk, but one developed on the ventral surface. 
Suborder Allotriognathi: a small group of marine fishes with varied appear¬ 
ance, such as the deep-bodied moonfish and the slender ribbonfish, but with 
common diagnostic features, including a peculiar type of small, protractile, 
and generally toothless mouth. Suborder Opisthomi: spiny-finned fishes par¬ 
alleling the eels in body shape. Suborder Synbranchii; tropical fresh- and 
brackish-water fishes, eel-like in form but of obscure relationships, deriving 
their name from the fact that the gills of both sides open by a common duct, 
Suborder Polynemoidea: like the mullets but with subdivided pectoral fins. 

The history of many other groups of fishes is of interest in connection with 
the evolution of vertebrates as a whole; that of the later ray-finned fishes 
has no such interest, for these forms are quite unrelated to the development 
of further vertebrate types. But for the history of fish alone, no other group 
I can approach them in importance. Since the Paleozoic, almost all other fish 
'^groups have tended toward extinction, while the actinopterygians have re- 
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I mained dominant types, and group after group of them has flourished in suc¬ 
cession. During the Paleozoic the primitive chondrosteans were the ruling 
order but have now disappeared except for a few aberrant forms. In the late 
Triassic and Jurassic the holosteans, their descendants, had taken their 
place and are found in great abundance and variety. By the Cretaceous the 
older types had been almost exterminated by the teleosts. Today among the 
teleosts the spiny types have attained dominance in the seas, the Ostariophy- 
si in fresh waters. 

The choanate fishes. —The remaining bony fishes, comprising the 
Choanichthyes, are, beyond the Devonian, relatively unimportant in their 
own right but of great evolutionary interest as the stock from which the 
land vertebrates were derived. The two component groups of this subclass 
are the Crossopterygii, often termed fringe-finned or lobe-finned fishes, and 
the Dipnoi, or lungfishes. The Choanichthyes were common inhabitants of 
fresh waters during much of the late Paleozoic, but today there survive only 
three tropical lungfishes and a rare, deep-sea crossopterygian: 

It is only in recent decades that the close relationship of Dipnoi and Cros¬ 
sopterygii has been realized. The living lungfish are so aberrant (and, we now 
realize, degenerate) that they were long thought to occupy a position among 
bony fishes remote from the crossopterygians and ray-fins, and the two latter 
groups were thought to be fairly closely related. With our present knowledge 
of fossil forms, however, the historical picture is an entirely different one. As 
we trace back actinopterygians, crossopterygians, and dipnoans to their 
first appearance in the Devonian, we find that ray-fins and lobe-finned cros¬ 
sopterygians were then already remote from one another. Lungfish and cros¬ 
sopterygian lines, however, converge as we follow them backward. In the Mid¬ 
dle Devonian the early representatives of both groups were not only very 
similar in general appearance but were also alike in many fundamental char¬ 
acters. These indicated that the two were members of a common bony-fish 
stock and had diverged from common ancestors not far remote in time or 
structure. 

There are many striking similarities in the postcranial skeleton (cf. Figs. 
88 and 92). A heterocercal tail was present in primitive members of both 
groups of Choanichthyes. This type of tail was also present, as we have seen, 
in early actinopterygians. There was, however, a seemingly small but po¬ 
tentially important difference. In the ray-fins there is usually no epichordal 
lobe, that is, no fin development above the body axis. In consequence, when 
a symmetrical tail developed in later actinopterygians, it had to arise from 
the lower (hypaxial) lobe alone, as seen in the homocercal tail of teleosts. 
In the choanate fishes, on the other hand, a small but distinct epaxial lobe 
was present even in the adult and was presumably large in embryonic stages. 
When a symmetrical tail was developed (as happened in most later members 
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of the group), this lobe was able to expand, equal the lower lobe in size, and 
produce a truly symmetrical, diphycercal tail. 

A minor but clear-cut distinction between early actinopterygians and 
choanates is the fact that the older ray-finned genera invariably have a sin¬ 
gle dorsal fin; crossopterygians and lungfish, two. More important is the con¬ 
trast in paired-fin construction already discussed. The choanates invariably 
have an archipterygium of some sort—a full, leaf-shaped structure in lung- 
fish and a few crossopterygians, and an abbreviate archipterygium in other 
lobe-finned forms. 

A fundamental point of agreement between the choanate groups and of 
contrast with ray-finned fishes lies in the scale structure. Many later choa¬ 
nates have simple bony scales, but in mid-Devonian times both the early 
lungfish, DipteruSy and its crossopterygian contemporaries possessed scales 
of the cosmoid type described above (Fig. 61). These differ markedly, of 
course, from the ganoid scales of actinopterygians. Incidentally, this differ¬ 
ence in squamation renders highly inaccurate the old-fashioned use of the 
term “ganoids” in connection with ancient crossopterygians. 

Little can be said of the internal bony skeleton in early choanate fishes in 
general because of the presence of an obscuring scaly covering in many speci¬ 
mens. Of axial structures, many forms show bony neural and haemal arches, 
ribs, and fin supports. As in actinopterygians, ossifications in the region of 
the vertebral centra are rare (Fig. 94). They are reported in but one lungfish; 
in crossopterygians they have been seen in several early genera, in the form 
of paired half-rings or complete rings perforated for a large notochord; in 
the crossopterygian Osteolepis there are two sets of elements—pleurocentra 
and intercentra—in each segment, as in many early amphibians. 

Certain basic features are present in the cranial structures of both groups. 
A pineal opening is rarely present in actinopterygians but is common in 
early crossopterygians, and was present in one archaic lungfish, although it 
was lost in many later representatives of both groups. The eyes are not so 
large as in early actinopterygians; and sclerotic plates, when found, are seen 
to be numerous, instead of limited to four, as in actinopterygians. An impor¬ 
tant diagnostic feature is the presence of internal nostrils, or choanae, in con¬ 
trast with ray-fins. In living lungfish, inner and outer openings are not sepa¬ 
rated by bone but merely by the skin and underlying cartilage. This appears 
also to have been the case in the older lungfish, where the position of the ex¬ 
ternal nares is indicated by notches, not closed below, in the lower rim of the 
head shield. A somewhat similar situation is seen in one early crossopterygi¬ 
an; but in most members of that group a stout bar of bone is present below 
the external opening, as it is in characteristic land vertebrates. 

Internal nares are, of course, an excellent adaptation for air-breathing in 
a water-dwelling vertebrate, and their presence is additional evidence for 
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our belief that functional lungs were present in all early choanates—crossop- 
terygians as well as dipnoans. The presence of these air-breathing adapta¬ 
tions is correlated with the environment in which these fish groups developed. 
Nearly all the Paleozoic choanates have been found in deposits which appear 
to be continental in nature. Although some specialized crossopterygians be¬ 
came marine fishes, fresh waters subject to drought or coal-swamp pools 
similarly deficient in oxygen seem to have been the only conditions under 
which choanates flourished vigorously. 

Both crossopterygians and lungfishes had well-ossified cranial skeletons 
in the earliest stages of their careers, and certain structural comparisons and 







Fig. 88. —llliipidistian crossopterygians. Above, Ostcolejns, a primitive Middle Devonian genus, about 
9 inches long. Center, Holoptychius of the late Devonian, with leaf-shaped appendages comparable to those 
of lungfishes. Maximum size about feet. Below, Rtisthenopteron of the late Devonian, with a trifid 
diphycercal tail (scales omitted). {Eusthempteron after Gregory and Raven; others after Traquair.) 


homologies of bony elements may be made between them. However, the 
diagnostic features of the two groups lie in the skull and dentition; they had 
already diverged markedly in these respects at their first appearance, and 
their cranial structures are best considered separately. 

Primitive crossopterygians. —few scraps of crossopterygian material, 
assigned to the genus Porolepis, have been reported from late Lower Devo¬ 
nian strata, and we may be sure that the evolution of this important group 
of tetrapod ancestors was well under way at this time. In the Old Bed Sand¬ 
stone and other continental deposits of the Middle Devonian we find the 
group represented in abundance and variety. OsteoUpis (Fig. 88) is the best- 
known genus of the time and is generally regarded as a very primitive form. 
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This lobe-fin shows a general structural plan which is repeated, with varia¬ 
tions, in a considerable number of other genera of the Devonian and later 
Paleozoic periods. The body was covered with rhombic scales of typical cos- 
moid structure. The tail was hcterocercal, in presumably primitive fashion. 
Fully archipterygial paired fins are seen in some crossopterygians, but in the 
great majority, including Osteolepis, there is a short, broad lobe. The internal 
structure of the fins is not known in Osteolepis; in other genera this type of 
fin contains a much-abbreviated archipterygium. The main skeletal axis is 
short; side branches are irregular distally, but three prominent proximal 
pieces appear to be diminutive predecessors of the three major bones of the 
limb of later tetrapods (Fig. 65, B), 

In the head region (Fig. 62) both dermal elements and replacement bones 
are in a highly ossified state. The structures seen in Osteolepis and related 
genera are especially worthy of description because they are preserved with 
few changes of importance in primitive land vertebrates. 

As has been said, the nomenclature of fish bones has been in a confused 
state, and names familiar in higher vertebrates have been used in an arbi¬ 
trary fashion. In the last few years, however, evidence has been obtained which 
enables us to identify with considerable confidence most of the skull ele¬ 
ments of crossopterygians in terms of those of tetrapods. This newer nomen¬ 
clature will be used here. 

Most early crossopterygians exhibit a skull covered by a complete shield 
of dermal bones. The appearance of this shield, however, differs greatly from 
specimen to specimen. In some the cosmine layer and its shiny, enamel-like 
surface is widespread over the skull and may superficially fuse large series 
of elements of the snout and other regions into large plates; in others the 
cosmine areas are restricted, and all the sutures between individual bones 
are clearly visible. Such differences were once thought to be of taxonomic 
value, but it has been reasonably suggested that they represent merely fluc¬ 
tuations, perhaps seasonal in nature, in the lives of the individuals. The fused 
condition represents periods of stability; the reduction of cosmine allows the 
elements to separate and growth to occur. 

Many of the bones of the crossopterygian skull roof are relatively large 
and stable structures. Suggestions of the mosaic pattern which we believe to 
have been characteristic of ancestral bony fishes are, however, seen in the in¬ 
dividual variability of the skull pattern in any series of specimens, particu¬ 
larly in the case of the rostral (and postrostral) bones in the center of the 
snout region. On either side of these structures is a longitudinal row of small 
elements which collectively correspond to the nasals and frontals of land 
forms. This row is continued by a pair of plates surrounding the median eye. 
Their homology was long debated, but they now appear to be the tetrapod 
parietals, which similarly surround the “pinear* eye. A final posterior pair of 
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elements, occupying half the length of the skull roof, are homologues, despite 
marked dissimilarity in size, of the postparietals of lower land vertebrates. 
Back of these is a transverse row of plates, termed extrascapulars, which are 
absent in land forms and which are perhaps to be regarded as expanded scales 
rather than as part of the true skull structure. 

The margins of the shield are formed by well-developed maxillary and pre¬ 
maxillary elements, bearing a marginal tooth row. Except in one early 
genus, the two are firmly united and broadly separate the external nostrils 
from the jaw margin. The naris is sometimes seen to be bordered by one or 
two small bones, which may correspond in some way to a small bone—the 
septomaxilla—similarly situated in many land vertebrates. Circumorbital 
elements are commonly five in number and may be homologous with the five 
present here in early land forms. A row of bones lateral to parietal and post- 
parietal are, in general, comparable to the similarly situated intertemporal, 
supratemporal, and tabular of lower tetrapods. In the cheek region the cros- 
sopterygians lack the expansion of the maxilla seen in the palaeoniscoids; 
there is, instead, a large squamosal, as well as a preopercular and a quadrato- 
jugal. In palatal view, crossopterygians, like actinopterygians, exhibit a der¬ 
mal parasphenoid bone covering the lower surface of the anterior part of the 
braincase; and a set of dermal bones, including pterygoid, vomer, palatine, 
and ectopterygoid, form most of the palatal surface. The choanae, or internal 
nares, lie characteristically between vomers and palatines, bounded laterally 
by maxilla and premaxilla. The lower-jaw dermal elements (Fig. 64) differ 
in some respects from those seen in palaeoniscoids; there is a large dentary 
externally, bounded below by a series of four elements, including splenial, 
postsplenial, angular, and surangular; internally there are a prearticular 
and three coronoid elements (Fig. 64). Large opercular and subopercular 
bones cover the gill region laterally, again as in actinopterygians; the ventral 
gular series comprises a small unpaired median gular, large paired median 
gulars, and a still more lateral row of small plates completing the armor be¬ 
low the jaws. A well-developed system of lateral-line canals and accessory pit- 
line grooves is present in and on the dermal bones. 

The dentition is of particular interest because of peculiar features carried 
over unchanged into the Amphibia. The teeth are sharp, pointed structures 
—^the crossopterygians were the dominant predators of Devonian fresh 
waters. Superficially, they usually show longitudinal grooves, which in sec¬ 
tion (Fig. 89) are seen to represent infoldings of the enamel surface. These 
folds are often of a complicated nature and cause the term “labyrinthodont” 
to be applied to this sort of dental structure. The lateral teeth are usually 
well developed; but, in addition, large fangs as well as smaller denticles are 
present on the palatal bones and on the corresponding bones on the inner 
surface of the lower jaw. The fangs are frequently seen to be arranged in 
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pairs, which are replaced alternately so that at least one member of a pair is 
always functional. 

In a number of respects the cartilage-replacement bones correspond to 
those of act inop terygians. In the lower jaw there is a single replacement ele¬ 
ment, the articular; a well-developed quadrate opposes it in the upper jaw; 
although other upper-jaw replacement bones are not so well known, there 
appear to be suprapterygoid elements, one of which articulates with the 
basal process of the braincase and may be termed an epipterygoid. There is 
a stout hyomandibular, articulating by a double head with the surface of the 
ear region of the braincase. 

The braincase is, as in early actinopterygians, well ossified throughout but 
is highly specialized in certain respects. It was built, in all forms so far in¬ 
vestigated, in two distinct units, anterior and posterior, between which a cer¬ 
tain amount of motion was possible, at least in many cases. This may have 
been an adaptation in these carnivorous fishes 
for taking up the jar caused by a powerful 
snap of the jaws (articulated to the front part 
of the braincase) and leaving the posterior 
segment of the skull (and body) unaffected. 

The union of the two parts is accomplished 
not only by articular surfaces but also by the 
fact that the notochord, almost unrestricted, 
runs forward through the posterior segment 
in a large canal beneath the brain cavity 
and, in life, ended by a union with the 
hinder end of the front segment. In verte¬ 
brates generally, the cartilages which form the braincase are laid down in the 
embryo in anterior and posterior groups. Here this embryonic division per¬ 
sists into the adult stage; it is notable that many amphibians and reptiles 
show a zone of weakness in the corresponding position of the adult skull. In 
Osteolepis and various other genera a straight and open suture is present 
between parietals and postparietals, corresponding to the line of cleavage of 
the two halves of the underlying braincase. In some individuals, however, 
this suture is not so marked, and it seems probable that, in general, the 
movement was not a violent one but merely a “shock-absorber.’* 

A fair number of crossopterygian genera in the Devonian, Carboniferous, 
and Permian show the typical crossopterygian plan described for Osteolepis, 
but with variations of one sort or another. Eusthenopteron (Fig. 88) for ex¬ 
ample, is a widespread Upper Devonian genus in which the tail had assumed 
a diphycercal structure with a peculiar trifid outline seen in the later coela- 
canths. Thursius and Tristichopterusy likewise Devonian, show transitional 
stages in body characters; the former resembles Osteolepis in most respects 



Fig. 89. —Section of tooth of Holop- 
tychius, a Devonian crossopterygian, 
to show the labyrinthine infolding of 
the enamel. (After Pander.) 
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and is seemingly closely related to that genus, but the tail is beginning to 
straighten; in the latter the tail is approaching the trifid condition. Diplop- 
terax is a contemporary of Osteolepis; but, while suggestively primitive in the 
presence of incompletely separated narial apertures, has a straight (although 
not trifid) tail. Rhizodus was a giant from the Carboniferous which, in con¬ 
trast to most members of the group, may have been several yards in length. 
Megalichthys and Ectosteorliackis were surviv^ors of this typical group in late 
(.’arboniferous and even Permian times. Glyptohpis and Iloloptychim (Pig. 
88) show some variation from the typical pattern of early crossopterygian 
structure. 'J'he body was relatively short and deep, with long, slender, paired 
fins; their general appearance is rather suggestive of the contemporary lung- 
fish. The skull, however, is unmistakably crossopterygian in pattern, al¬ 
though there are differences between these genera and the types previously 
discussed, such as extra elements in the large cheek and differences in the 
pattern of the skull table. The internal anatomy is unknown. 

The genera so far considered are often grouped in a suborder termed the 
Rhipidistia. They were, as a group, common in later Devonian and Carbonif¬ 
erous days but had become extinct before the end of the Paleozoic, '^llanr 
disappearance may perhaps be linked with geological changes which re¬ 
duced the areas with a stagnant-water type of environment and made lung¬ 
breathing of less importance for survival. More important, however, may 
have been the fact that they were replaced as fresh-water predators by the 
amphibians, which had arisen from these crossopterygians or forms closely 
related to them. 

Coelacanths. —Much longer lived were the Coelacanthini, a specialized 
side branch of the crossopterygians. The coelacanths were obviously derived 
from typical members of the order, but they rapidly evolved a series of spe¬ 
cialized and rather degenerate structures. The body, rather stocky in many 
forms and covered by relatively thin scales, terminated in a three-pronged 
tail similar to that seen in Eusthenopteron, Dorsal and anal fins persisted but 
became fan-shaped structures with narrow bases; and, while the paired fins, 
as far as is known, seem to have had a bony structure of the usual crossop¬ 
terygian type, the scaly lobe was reduced and the ray-supported web in¬ 
creased. In the head the duplex condition of the braincase persisted, but 
there was a rapid and considerable reduction in ossification after the Devo¬ 
nian, so that most coelacanths show here a series of isolated bony elements 
with large intervening areas, presumably formed in cartilage. The desmal 
elements, too, are much modified. There is no pineal opening. The gape of the 
jaw is shortened, the head becomes short and deep, and the typical develop¬ 
ment of a sharp angle in the skull outline where the two halves of the brain- 
case join gives these fishes a “Roman-nosed’’ appearance. The dermal plates 
of the cheek and gill-covers tend to be much reduced; on the other hand, 
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there are numerous extra “supraorbital” elements along the sides of the 
snout. Very characteristic is an early reduction and loss of the lateral tooth 
row except for a cluster of teeth on the premaxillae and the tip of the denta- 
ries; in connection with this, the maxilla and dentary are reduced (lungfish 
show a comparable history in this regard). The hyomandibular is reduced; 
and, although the upper jaws still articulate with the braincase, the primi¬ 
tive basal articulation is lost, and a new connection develops more dorsally. 

Forms showing a transition to the coelacanth condition are found in the 
late Devonian, and in the genera Rhahdoderma of the Carboniferous and 
(U)elacanthus of the Permian the characters of the group were fully estab¬ 
lished. The early members of the group were, in general, fresh-water types; 



Fia. 90 .—IJndinUf a Jurassic coelacanth, original about inches long. AImhc, restored with squa- 
illation; below, with .scales removed. (FVom Smith Woodward.) 

but in the Triassic, when coelacanths were common and varied, we find 
them in marine deposits. The group survived in this new environment; 
Ufidina (Pig. 90) of the Jurassic and Macropoma in the Cretaceous are later 
Mesozoic representatives. It is reasonable to believe that in this environ¬ 
ment lung-breathing would disappear; some soi-t of lung sac persisted, how¬ 
ever, for numerous Mesozoic specimens show a calcification in its expected 
position. 

Beyond the Cretaceous there are no fossil records of coelacanths; and it 
was customary to state, in years past, that the coelacanths (and in them the 
Crossopterygii as a whole) became extinct at the end of the Mesozoic. 

But absence of a group furnishes only negative, not positive, evidence. A 
few years ago a South African fishing boat, dredging deeper than usual, 
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brought up an unfamiliar fish which proved, to the astonishment of the sci¬ 
entific world, to be a surviving coelacanth, looking in life very much like the 
restorations of its Mesozoic forebears. The coelacanths had shifted, during 
their evolution, from fresh waters not merely to salt but finally to the deep- 
sea regions little represented in fossil deposits of any age. Of this fish (named 
Latimeria) little but the skin was saved, and no other specimen has as yet 
been found. Better material should yield interesting information concerning 
the structure of crossopterygians. But we must not expect this coelacanth to 
have retained very many of the features of its remote ancestors, for its 
marked changes in life-habits and environment have surely been accom¬ 
panied by equally marked changes in structure and functions. 

Lungfish, —The lungfish, the order Dipnoi, are an aberrant offshoot from 
the early crossopterygians. When first seen in the Middle Devonian, the 



Fia, 91 .—At Dorsal, and B, ventral, views of the skull of Dipierust a primitive Devonian lungfish. '^I'lie 
homology of the dermal roofing elements is in doubt, and hence the.se have been left iinlabeled. Anterior 
part of braincase, including nasal capsules, unossified. For abbreviations see Figure 62. (After Pander, 
Watson, and Goodrich.) 

dipnoans had already acquired characteristic specializations in skull and 
dental structures but showed, as has been noted, many fundamental resem¬ 
blances to crossopterygians. In the late Paleozoic and Triassic, lungfish 
were moderately abundant and varied in the fresh-water environment in 
which they arose and to which they were adapted. In later days, however, 
their fossil remains become rare, and they are represented today by only 
three tropical forms. 

Dipierus (Figs. 91, 92) of the Middle Devonian is one of the oldest- 
known and most primitive lungfish. The body appears fundamentally sim¬ 
ilar in construction to that of the contemporary crossopterygians. In Dip- 
terus two dorsal fins were present and a heterocercal tail like that of Osteal- 
epis. In later types the median fins became much modified, the first dorsal 
disappearing and the second spreading back to join the caudal. Meanwhile, 
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the tail fin had tended to straighten out and fuse with the anal, so that in the 
living forms there results a continuous symmetrical diphycercal fin border¬ 
ing the posterior part of the body. 

The paired fins in Dipterus and all well-known fossil forms are leaf-shaped 
structures similar to that in the modern Australian lungfish. The internal 
skeleton is unknown in fossils generally but was presumably of the typical 
archipterygial pattern found in the modern genus, with a central axis and 
numerous short side branches. The scales and head plates in Dipterus were 
of the cosmoid type seen in contemporary crossopterygians. In later types 
the body scales, with loss of the enamel and cosmine layers, tended to be¬ 
come thinner and larger. 




Fig. 9i. —Dipnoaiis. Below, Dipterus of the Devonian, primitive genus with a heterocercal tail and 
median fins comparable to those of crossopterygians. Center, Scaumenacia of the Upper Devonian; the 
median fins are concentrating posteriorly. Above, the Recent Epiceratodvs, with all median fins fused 
to form a symmetrical caudal. (After Traquair, Hussakof, Norman.) 


The presence of choanae in living lungfish, and presumably in fossil ones 
as well, is an important diagnostic feature linking lungfish with crossopteryg¬ 
ians. Associated functionally with this breathing device is the presence in 
the recent lungfish genera of functional lungs, comparable in all essentials to 
those of primitive land animals and to those already described in the actinop- 
terygian Polypterus, The presence of similar lungs in the fossil Dipnoi, and in 
crossopterygians as well, is a reasonable inference. 

Modern lungfish live under conditions of seasonal aridity presumably 
comparable to those under which all the primitive bony fish lived. The Aus¬ 
tralian lungfish, Epiceratodus, cannot survive the complete drying-up of the 
streams, but in foul and stagnant pools may come to the surface and breathe 
air. The African lungfish, Protopterus, and Lepidosiren of South America are 
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able to retreat into a burrow and withstand a complete drying-up of the 
water; the more highly specialized shape and structure of these two forms sug¬ 
gest that this habit was not one characteristic of the Paleozoic forms. 

Despite the important diagnostic features linking lungfish to crossopteryg- 
ians, even the earliest forms show striking differences in skull and denti¬ 
tion, The dentition, particularly, forms a characteristic “trade-mark” of the 
Dipnoi. Marginal teeth were abandoned in the earliest days of lungfish his¬ 
tory, and only in a very few Devonian and Carboniferous specimens aie 
remnants of such structures reported. In some Devonian genera a partial 
Substitute is found in thickened bony rims at the front end of upper and 
lower jaws, which appear to have functioned as a cropping device in food¬ 
gathering. Absent, too, are teeth on the palatal margins, and evolutionary 
development was concentrated on the formation of toothplates close to the 
mid-line of the mouth. The prevomers usually carry small toothplates or 
tooth-clusters, but the major structures are found on the pterygoids above 
and prearticulars below. In Dipterus these bones carry radial rows of large 
teeth; in later genera these rows form connected ridges borne on thickened 
fan-shaped plates; such plates, unmistakable in origin, are the commonest 
remains of fossil lungfish. This type of plate for shearing and crushing, with 
upper and lower ridges interdigitating, appears adapted to the dipnoan food 
supply of small mollusks and other invertebrates. 

The oldest lungfish exhibit a skull roof which in great measure is si ill in 
the primitive stage of a mosaic of small elements. These are particularly 
small and variable in the anterior portion of the head; more posterioily they 
are larger and more constant, with a tendency for the formation of large 
median plates. It is obvious that in lungfish the process of mosaic reduction 
was occurring in a fashion rather different from that seen in crossopterygians, 
and hence it seems extremely difficult to identify “normal” skull elements in 
the lungfish pattern (Fig. 91). 

There is a strong trend toward skull-roof reduction in the lungfish series. 
Cosmine and enamel layers may be present in Dipterus and some of the 
other Devonian forms, and there appears to be, as in contemporary crossop¬ 
terygians, a periodic formation of a solid anterior shield. These outer layers 
are, however, absent in most later lungfish. In most, the anterior end of the 
head is bare of dermal bones, the lateral walls are gradually reduced, and in 
living genera there remain but a few large dorsal plates. Opercular and gular 
elements, except for a large principal gular, also tend to be reduced. With de¬ 
velopment of the characteristic lungfish dentition, both upper and lower 
jaws tend to lose much of their dermal structure; some of the elements absent 
in later dipnoans are represented in Dipterus by small ossicles. The loss of 
lateral teeth has been accompanied by the loss of the premaxilla and maxilla 
and by reduction of the dentary and other lower-jaw elements. The lower 
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jaw in later dipnoans includes but three bones—two outer dermal elements, 
which are probably a splenial and the angular, and internally that bearing 
the toothplate, presumably the prearticular. The palatine and ectopterygoid 
have disappeared from the palate. 

As in various other fish groups, the lungfish show a marked phylogenetic 
reduction in the degree of ossification of replacement bones—a reduction 
more rapid than in any other group of bony fishes and more complete than 
in any othei-s except the sturgeons and paddlefishes. The braincase had lost 
almost all ossification, apparently, by Carboniferous times. It was still ossi¬ 
fied, posteriorly at least, in a few recorded Devonian specimens. We know 
little about it, however, except the important fact that it was a single com¬ 
pact structure which lacked the bipartite specialization of the crossopteryg- 
ians. 

'J'he cartilage elements of the jaws and gill arches show little ossification 
even in early forms. In Dipterus the articular and quadrate, forming the jaw 
joint, wei*e ossified, but even these structures later slumped back to a perma¬ 
nent cartilaginous state. The recent genera show us that dipnoans have 
changed radically in basic jaw construction from that found in other bony 
fishes; the primary upper jaws have fused to the braincase, with, of course, 
reduction of the hyomandibular, which plays a prominent part in jaw sup¬ 
port in other groups. l"his specialization is parallel to that found in the 
chimaeras and is obviously related to a similar function—^strong support for 
the crushing toothplates. 

Much of the description above has been based on Dipterus, a primitive 
form which appears in the Middle Devonian. Among the primitive features 
to be noted in this genus are the unspecialized median fins, retention of cos- 
moid scales, and a complete skull shield. An Australian contemporary, 
Dipnorhynchus, is still more primitive (it retains a pineal opening, for ex¬ 
ample), but is imperfectly known. 

From Dipterus a “main line’' of lungfish evolution can be traced to the 
living Australian lungfish. In the Upper Devonian genera Scaumenacia (Fig. 
92) and Phaneropleuron, common fishes of their period, the first dorsal fin 
is much reduced, the second much enlarged and moving backward, and the 
anal is likewise moving back to a position close to the caudal; in the latter 
form dorsal and caudal arc joined. The Carboniferous genera Sagenodus 
(Fig. 64) and Ctenodus are represented mainly by abundant and character¬ 
istic toothplates, and the body outline is little known. Some late Paleozoic 
lungfish, however, appear to have completed the fusion of the median fins 
into the symmetrical and deceptively simple-looking diphycercal tail seen in 
the living forms. Ceratodus is a genus common in the Triassic, with large, flat 
toothplates which show little trace of the separate teeth of which they are 
composed. In later deposits remains are rare; the living Australian lungfisfi 
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appears to be closely related to the IViassic form, although frequently placed 
in a separate genus, EpkeratoduH. 

From this central line of dipnoan evolution there have been various side 
branches. Notable in the Upper Devonian are two genera which became 
long-snouted types, Rhynchodipierus of Scotland and Greenland and Fleuran- 
tia (Fig. 93) of America. Despite superficial resemblances, the two had 
evolved independently; the former, for instance, shows great similarity to 
Dipterus in its bodily build, the latter has fins comparable in most respec^ts lo 



Fig. 93.— Fleurantia, a long-snouted Upper Devonian lungflsh, about J natural size. (From (iraliam- 
Smith and Westoll.) 


those of Scaumenacia, and there are important differences in skull structure. 
In Fleurantia there are, instead of well-formed toothplates, merely a few 
rows of cusps on the pterygoid and a shagreen of smaller teeth; Rhynchodip- 
terus is thought to be toothless. A similar reduction of the toothplates ap¬ 
pears in the Carboniferous Uronemus and Conchopoma of the Permian, which, 
however, seem derived from the Sagenodus group and are apparently little 
specialized in other respects. A final side branch of the dipnoan stock is that 
seen in the living African and South American genera, Protopterus and Lepido^ 
men. In these forms the body is rather long and eel-like, the fins degener¬ 
ate, and the toothplates reduced to a few shearing ridges. A few late Paleo¬ 
zoic teeth suggest the beginning of this type of specialization, but the story 
is obscure. 


CHAPTER 6 


AMPHIBIANS 


W E NOW turn from a consideration of the fishes—primitive verte¬ 
brates for whom water is the natural habitat—to the history of 
land vertebrates, the tetrapods. These forms have made one of 
the most radical advances in vertebrate history in the development from fish 
fins of limbs capable of being used for progression on land. (The change from 
water to land life, first initiated in the Devonian by the ancestral amphibian 
stock, was completed by the reptiles in late Paleozoic days; later, from reptil¬ 
ian types, were developed the birds and mammalsTpnce the water was left 
behind, wide and repeated radiations of tetrapod types occurred. The four- 
footed vertebrates have adapted themselves to almost every conceivable 
type of land habitat and have, moreover, taken to the air and, backed by the 
advances made in land life, have reinvaded the seas. Snakes, birds, men, and 
whales are but a few examples of the widely varied types which evolved from 
the primitive and ancient forms which in late Paleozoic times first left the 
streams and pools to walk upon the land. 

Amphibian life.—Most primitive and earliest known of tetrapods are the 
amphibians, which as a class are, without question, the basal stock from 
which the remaining groups of land vertebrates have been derived. Living 
amphibians include but three comparatively unimportant vertebrate groups: 
the frogs and toads (Anura or Salientia), the salamanders and newts (Uro- 
dela), and some rare wormlike types (Apoda). All are highly specialized and 
have in many respects departed far from the primitive type described below. 

The life-history of a typical frog, however, shows the essential characters 
of the class. The eggs are usually small and without the protective mem¬ 
branes or shell found in the eggs of reptiles and higher types. Typically they 
are laid in the water, whereas the reptilian egg is laid on land. The young em¬ 
bryo, without any great supply of yolk for nourishment, hatches out at a 
very immature stage as a tadpole and must find its own food as it grows in 
the water. Later, when the frog approaches maturity, the structure of the 
body changes radically; the gills disappear, lungs and limbs develop rapidly, 
and the animal becomes a land, instead of a water, type. 

But the amphibian is not even then freed entirely from an aquatic environ¬ 
ment, for the eggs normally must be fertilized and laid in that element. Con-* 
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sequently, the amphibian must return to the water at the breeding season, 
and complete adaptation to land life alone is impossible. Various devices 
have been developed by amphibians to help them avoid, to some extent, this 
necessity for a double mode of life and a double set of adaptations, but never 
with complete success. It is not to be wondered at that among the salaman¬ 
ders, and apparently among many extinct groups as well, there have been 
numerous types which have, so to speak, given up the struggle and reverted 
to a permanent water life and a retention of gill breathing. 

The type of reproduction and development is the best definitive feature 
of the class. For living groups, certain other characters (particularly those of 
the skeleton) have been used to distinguish the group from the reptiles; but 
among the fossils practically all anatomical differences break down. 

Among existing types the salamanders and newts approach most closely 
the body form which is probably the primitive one (the frogs, tailless and 
with elongate hind legs, are among the most highly specialized of verte¬ 
brates). The body and tail are elongate; median fins have disappeared; but 
the tail is often high and flattened and may be used as a swimming organ in 
rather flshlike fashion. The paired fins of the ancestral fish have been trans¬ 
formed into tetrapod limbs, which in salamanders arc usually quite small 
and feeble as compared with those of reptiles and other higher tetrapods but 
are quite large as compared with fish appendages. While these limbs arc ca¬ 
pable of a great amount of independent motion, it is of interest that a sala¬ 
mander progresses more or less in fish fashion on dry ground, the body being 
thrown into S-shaped curves, which may advance the limbs with very little 
movement on their own part. 

Structure of a primitive amphibian. —But while a salamander may re¬ 
semble the probable tetrapod ancestors superficially, the internal anatomy 
of all modern amphibians is very much modified from primitive conditions. 
The structure of some primitive fossil types will be described below in some 
detail, since the fundamental pattern of the skeleton of those forms is basic 
for an understanding not only of the history of later amphibians but of that 
of reptiles and higher tetrapods as well. Almost every skeletal element of a 
bird or of a man may be traced back to these primitive types. Later forms 
have modified the shape and relationships of parts greatly, and there have 
been frequent losses of bones; but the fundamental pattern laid down in the 
early tetrapods still persists. 

Our description will be based in great n^easure upon such primitive Car¬ 
boniferous genera as Palaeogyrinus (Fig. 96), Eogyrinus (Fig. 108), Mega- 
locephcdm (Fig. 97), and Diplovertebron (Fig. 109), members of the Laby- 
rinthodontia, an important group of primitive amphibians. These types were 
common inhabitants of the coal swamps. Diplovertebron appears to have 
reached a maximum length of about two feet; many of the older labyrintho- 
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donts were considerably larger. The general proportions were not unlike 
those of a modern salamander, but the body was somewhat higher and more 
rounded in section. Most of the life of such an archaic tetrapod was still 
spent in the water, and the small palaeoniscoid fish, then abundant, may 
have served as a major source of food supply. There was still much resem¬ 
blance to the fish type both in structural features and in a continuation of 
the ancestral aquatic mode of life. But the development of tetrapod limbs, 
rendering land locomotion possible, is an obvious and striking difference. 

Bony scales, present in the fish ancestors, have tended to be reduced in 
land forms, although horny scales may functionally replace them in reptiles 
and other types (modern amphibians have a soft, moist skin). Ancient am¬ 
phibians and some modern reptiles retain the bony scales in a ventral armor 
of V-shaped rows along the belly, a structure of use in protecting the low- 
slung body while traveling over rough ground. Traces of reduced bony scales 
covering the flanks and back are found in some of the older Amphibia, but 
(except for vestiges in the wormlike Apoda) they have disappeared in living 
tetrapods, although later reptiles (and even mammals) may redevelop bony 
armor. 

Axial skeleton. —In most of the older fishes the neural arches of the 
vertebral column were well ossified, as were the haemal arches in the tail; 
the centra, however, were usually cartilaginous. We have noted that centrum 
ossifications were present in some crossopterygians; in amphibians this re¬ 
gion is highly ossified, for the backbone must carry the weight of the body 
and cartilage could not stand the strain. 

In lower tetrapods the nature of the centra is of great significance in clas¬ 
sification. Two fundamentally different types of construction are found 
among the amphibians. One, of lesser importance, is the lepospondylous 
(“husk vertebra”) type, found in numerous small Paleozoic forms (Fig. 
95) and retained today in the salamanders and wormlike amphibians. In 
this type the centra form directly by the deposition of bone around the em¬ 
bryonic notochord, without preformation in cartilage. They are single struc¬ 
tures, often essentially spool-shaped and pierced lengthwise by a hole for the 
persistent notochord. 

More important phylogenetically is a second type (“arch vertebra”) found 
in the larger and more prominent ancient amphibian groups (Fig. 94) and 
persisting today in one form or another not only in the frogs but in all the 
higher vertebrate classes as well. This type is a direct inheritance from the 
crossopterygian one. We have noted that in some members of that fish group 
each segment of the body contained two sets of centra, laid down as cartilage 
blocks or arches and then ossified to a greater or lesser degree, the anterior 
ones termed the intercentra, the posterior termed the pleurocentra. 

These structures are characteristically present, although in varied fashion, 
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in a great series of Paleozoic amphibians termed the Labyrinthodontia. Sev¬ 
eral different subtypes of arch vertebrae are found in this group. In the 
rhachitomous condition, possibly the most primitive one, the intercentrum 
in each segment is a median ventral element, wedge-shaped in side view, 
crescentic in outline as seen end-on; the pleurocentra, which correspond to 
the true centra of higher classes of vertebrates, are paired, diamond-shaped 
blocks which fill in the gaps on either side between neural arches and inter¬ 
centra. The stereospondylous vertebra, prevalent in Triassic labyrintho- 
donts, differs in that the pleurocentra are reduced or absent and the inter¬ 
centrum has grown to occupy the entire segment. A different evolutionary 
development leads to the embolomerous construction common in the Car- 



Fia. 94.—^The vertebrae of apsidospondylous amphibians. A, Caudal vertebrae of the embolomere, 
Archeria (“Cricotus”); B, dorsal vertebrae of the same; P, dorsal vertebrae of the rhachitome, Eryopa; 
D, dorsal vertebrae of the stereospondyl Maatodonaaurus; £, lateral, and F, anterior, views of dorsal 
vertebrae of Seymouria; G, lateral view of dorsal vertebrae of the presumed frog ancestor, Miohairachus; 

lateral view of dorsal vertebrae of the crossopterygian, Euathenopteron. Abbreviations: az. Anterior 
zygapophysis; c, capitulum; cen, centrum (usually termed pleurocentrum in Amphibia); /ta, haemal 
arch; ic, intercentrum; na, neural arch; nc, position of nerve cord; ntc, area presumably occupied by 
notochord; pz, posterior zygapophysis; r, rib; f, tubercle of rib; fj?, transverse process. (A-C mainly 
after Williston; D after von Meyer; G after Watson; H after Gregory.) 

boniferous. Here both the intercentrum and the pair of pleurocentra have 
grown to form complete checker-shaped elements pierced for the notochord; 
each segment thus has two well-formed centra. A fourth pattern is that seen 
in Seymouria and its relatives; the intercentrum is, as in the rhachitomes, 
merely a large wedge; the pleurocentrum (as in embolomeres) is a major 
cylindrical element equivalent to the true centrum in the reptiles. 

Neural arches are well developed in all land vertebrates. The segments of 
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the column connect with each other not only by juxtaposition of the centra 
but also by special articular processes—zygapophyses—on the arches. At 
the back of each arch there is a pair of round, flat surfaces, facing down and 
somewhat outward, l^hese posterior zygapophyses articulate with corre¬ 
sponding anterior zygapophyses, flat surfaces on the anterior side of the 
arches, facing upward and inward. In the tail are Y-shaped haemal arches 
(chevron bones); when intercentra are present, they are formed in common 
with these arches. 

Of the two types of fish ribs, only the dorsal set is present in a tetrapod. 
Two-headed ribs appear to have been primitive, the true head or capitulum 
articulating with the intercentrum, and the tubercle meeting a transverse 
process from the neural arch. However, the two heads tend to be well sepa¬ 
rated only in the anterior part of the trunk; farther back along the column 
the heads tend to fuse. Phylogenetically, too, the heads may fuse throughout 
the column or become variously modified in other ways. The ribs are found 



Fig. 95. —The vertebrae of Paleozoic lepospondyls. A, B, lateral and anterior views of vertebrae of 
Lysorophus; C, D, caudal and dorsal vertebrae of Crossotelos^ an elongate nectridian. For abbreviations 
see Figure 94. {A, B after Sollas; C, D after Williston.) 

along nearly the whole length of the body from the first vertebra in the neck 
to the proximal part of the tail. The longest ribs are in the thoracic (chest) 
region, but there is little differentiation of a cervical (neck) or lumbar (waist) 
region. Opposite the pelvic girdle a specialized rib, the sacral, gives attach¬ 
ment for the girdle in most amphibians; in higher classes there are usually 
two or more such sacral ribs. 

Skull. —The skull of primitive labyrinthodonts, such as Pcdaeogyrinua^ 
(Fig. 96), is completely roofed by dermal bones; in life these apparently lay 
close below the surface, barely covered by the skin. The skull pattern is 
essentially that described for primitive bony fishes, but there have been 
marked changes in proportions. In the crossopterygian there was a long 
skull table behind the orbit and “pineal*’ eye and a relatively short snout. In 
typical tetrapods the skull table is much shortened, the snout greatly length¬ 
ened, with consequent modifications in the development of the bones con¬ 
cerned. 

The rather variable fish pattern has settled down to a fixed set of bones 
that, with relatively few changes, can be followed throughout the labyrin- 




Fig. 9C.—The skull of the ernbolomerous amphibian Palaeogyrinva, to show the structure of the primi¬ 
tive tetrapod skull. J^ength of original about 7| inches. A, Lateral view; the same, semidiagrammatic, 
dermal bones of the cheek region removed to show the primary upper jaw (quadrate, epipterygoid, and 
associated dermal bones—^pterygoid and ectopterygoid); C, the same, primary upper jaw removed; />, 
the braincase (and parasphenoid), skull outlines in dashed line; A', dorsal view of skull; F, posterior part 
of palate; 0, occiput. {A, D-0 after Watson; B and C reconstructed from his data.) liatem-line canals 
stippled. Abbreviations for this and other amphibian and reptilian skulls: a, angular; ar, articular; bOy 
basimipital; 6s, basisphenoid; e, coronoid; d, dentary; do, postparietal (dermal supraoccipital); s, 
epipterygoid; sc, ectopterygoid; sn» external nares; so, exoccipital;/,frontal;/m, foramen magnum; in, 
internal nares; tna, intemasal; tt. Intertemporal;^*, jugal; f, lacrimal; m, maxilla; n, nasal; on, otic notch; 
op, opisthptic; or, orbit; p, parietal; pa, prearticiuar; pap, palpebral; pd, pre^ntary; p/, postfrontal; 

palatiiw; pm, inemaxiUa; po, postorbital; pop, preopereuiar; pos, postsidenial; pp, postparietal; pr, 
ptoBtic; pr/, prefrontal; ps, parasphenoid; pterygia; vomer ^revomer); quadrate; qoad- 
ratojugal; r, rostral; s, stapes; la, suranguiar; ss sphenetlmioid; sm« septomaxillmry; so, supraorbital; 
soc, supraoccipital; sp, sple^l; s^, squamosal; sf, supratemporal; I, tabular; r, vomer. 
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thodonts and the higher, amniote classes. Nasal and frontal elements, small 
and often difficult to identify in crossopterygians, are prominent and elon¬ 
gate structures. The parietals, inclosing the pineal opening, are relatively 
short and placed far back on the skull. There are well-developed premaxillae 
and maxillae. A circumorbital series includes five bones: prefrontal, post¬ 
frontal, postorbital, jugal, and lacrimal. The last sometimes extends all the 
way from orbit to nostril and comes to carry the tear duct (a fish eye is natu¬ 
rally bathed in water, but that of a land form must be kept moist and have 
a duct to carry off superfluous liquid). There is a single external nasal open¬ 
ing, or naris, typically bounded by premaxilla, maxilla, nasal, and lacrimal; 
in primitive types a small element—the septomaxilla—forms part of the 
margin of the opening and may exclude the lacrimal. A large squamosal and 
a (luadratojugal are present on the cheek, both having a contact with the 
(]uadrate bone at the jaw articulation. At the side of the parietal lie one or 
two temporal elements—a supratemporal and an intertemporal, the latter 
frequently absent. At the back of the roof are postparietals (dermal supra- 
occipitals), much reduced in extent from the condition seen in crossopteryg¬ 
ians, and, at the corners of the skull table, tabulars. 

With the loss of the gills the operculum which covered them has disap¬ 
peared, breaking the sheet of bones which originally extended unbroken 
from the skull to the shoulder region. The disappearance of the operculum 
has converted the slit in which the spiracle lay into an open otic (ear) notch, 
bounded by the tabular above and the squamosal below. 

'Fhe palate (Figs. 96, F; 97) resembles that of the crossopterygians in its 
basic plan. The premaxilla and maxilla bear a marginal row of sharp teeth. 
Inside them lie the vomers, the palatines, and the ectopterygoids, which in 
primitive types, just as in the crossopterygians, usually carry large laby¬ 
rinthine teeth and associated pits. I'he pterygoids are large and stretch back 
to the quadrates; toward the mid-line, processes from them form a movable 
articulation with the braincase. In the primary upper jaws there ossify only 
the quadrate and a small epipterygoid farther forward above the pterygoid. 
The front end of the braincase is bounded below by a slim parasphenoid, be¬ 
tween which and the pterygoids are small openings—the interpterygoid 
vacuities. I'he internal opening of the nostril (choana) is between premaxilla, 
maxilla, vomer, and palatine. 

The braincase is well ossified. It is, in contrast to that of typical crossop¬ 
terygians, a fused single structure in which few sutures are visible. At the 
back may be present four occipital elements—^the median basioccipital and 
supraoccipital and the paired exoccipitals. A single rounded surface mainly 
on the basioccipital—^the occipital condyle—^joins the skull with the first 
vertebra in primitive amphibians and reptiles. In typical crossopterygians 
a large notochordal canal ran forward from this point through the floor of 
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the braincase. This is absent in amphibians, although there may be a deep 
pit for the notochord in the center of the condyle. At the sides the opisthotic 
(paroccipital) extends upward to the tabulars; in front of this is the prootic, 
the two inclosing the inner-ear region. Ventrally in front of the basioccipital 
lies a well-developed basisphenoid, which articulates with the pterygoids 
laterally aAd is covered below by a dermal element—the parasphenoid. The 
most anterior braincase element is a tubular ossification—the sphenethmoid; 
in contrast with crossopterygians, the nasal capsules at the front end of the 
braincase fail to ossify. 

The lower jaw of the labyrinthodonts (Fig. 97) resembles that of the cros¬ 
sopterygians. On the outer surface lies the long dentary, and below this a row 



Fig. 97. —^The skull of the Carboniferous amphibian Megalocephalm [Orthosaurus], dorsal, ventral, 
and lateral views and inner view of jaw; length of original about 12 inches. Lateral-line canals stippled, 
p/r, Prefrontal; pof, postfrontal. For other abbreviations see Figure 96. (After Watson.) 


of dermal elements including two splenials, angular and surangular. On the 
inner side within the dentary are coronoids (primitively, three in number) 
usually bearing an inner series of teeth. There is a long prearticular; and, as 
in most fish, the primary jaw is represented only by the small articular. 

With the loss of gill breathing in the adult, the gill arches naturally are re¬ 
duced, although these elements are still well developed in many amphibians. 
In higher types there is much further reduction, although even in mammals 
the cartilages of the tongue and throat are remnants of this skeletal system. 
They are, however, seldom found in fossils and need little further considera¬ 
tion. The fate of the hyomandibular is discussed below. 
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Limb girdles. —The skeleton of*the limbs and girdles is naturally highly 
developed. The shoulder girdle (Fig 98, A, B) lies close behind the head; but 
in most tetrapods the original connection with the skull has been lost, for in 
a land animal independent movements of head and shoulder are a necessity. 
The cleithrum—^thc large upper bone of the dermal girdle—is retained in 
primitive land forms, as is the clavicle; in addition, there is developed a medi¬ 
an ventral dermal element, the interclavicle, lying on the under side of the 
chest between the collar bones. These dermal elements tend to be much 
smaller than they are in the fishes, while the primary shoulder girdle beneath 
tends to increase in size, since there had been a great increase in the muscula¬ 
ture passing from it to the limb. The upper portion of the primary girdle is a 
flat, scapular blade, below which is an articular surface for the humerus—the 
glenoid cavity. Ventrally there is a large, flat coracoid plate turning in to¬ 
ward the mid-line of the under side of the body. Primitively, the primary 




Fig. 98. —Shoulder girdle of yl, the embolomerous amphibian Eogyrinus; B, the rhachitonious am¬ 
phibian FWyops. Abbreviations: cly clavicle; c</r, cleithrum; 7c/, interclavicle; postemporal (connecting 
with skull); sCy scapulocoracoid (primary girdle); scthy supracleithrum. C, Dorsal, and Z), anterior, views 
of the humerus of Eryops; ecty ectepicondyle, a muscular process on the outer (front) side of the humerus; 
enty entepicondyle on the inner or back side; hy head; r, articular surface for radius; w, articular surface for 
ulna. (A after Watson.) 

girdle appears to have included but a single ossification—the scapula. In 
later types (seldom in amphibians) one or two additional coracoid ossifica¬ 
tions are developed. 

The pelvic girdle (Fig. 99) is a far larger structure than the small plate 
present in fishes. It has been enlarged to accommodate more muscles; and, 
while the fish plate is confined to the ventral side of the body, the primitive 
tetrapod girdle extends far dorsally and is usually joined to the backbone by 
one or more specialized sacral ribs. This extension is a functional necessity 
for land dwellers; for the hind legs in a primitive tetrapod must not only sup¬ 
port much of the weight but must also give much of the push that propels 
the body forward. The dorsal extension of the girdle is usually a separate os¬ 
sification, the ilium. The head of the limb rests in a cavity known as the ace¬ 
tabulum. Below this is a broad ventral plate which joins its fellow of the op- 
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posite side in a median symphysis; this plate consists of two ossifica¬ 
tions, the pubis (containing a nerve foramen) in front and the ischium 
behind; the former is often unossified in amphibians. 

Limbs. —The limb skeleton 
is, of course, large in compari¬ 
son with that of the paired fins 
of fishes. In the pectoral limb 
(Fig. 100, B) the first segment 
is a broad and powerful cle¬ 
ment, the humerus (Fig. 98, 
C, /)). Its head fits into the 
glenoid cavity of the shoulder 
girdle; distally it articulates 
with two elements which form 
the second segment of the 
limb—the radius and the ulna. 



Fio. 99.—Pelvic girdles of a primitive labyrinlliodont 
(? Bapketes)y and the rhachitome Eryops. Abbreviations: 
a, acetabulum; iZ, ilium: ia, ischium; obi, obturator foramen 
in pubis; p, pubis. {A after Watson.) 


The former lies on the inner side of the forearm and rests directly un¬ 
der the humerus, supporting much of the weight. The ulna lies outside and 
usually has a head, the olecranon (“funny bone”)* extending above the edge 
of the humerus; muscles pulling on this open out the arm. 

The radius and ulna articulate below with a complex of small elements 
which constitute the carpus, or wrist (Fig. 101, A), Typically there is a proxi¬ 
mal row of three elements, the 
radiale lying under the radius, 
the ulnare beneath the ulna, 
and an intermedium lying be¬ 
tween the two. Below the last 
is a large central element 
(which may articulate directly 
with the radius), followed by 
a row of three smaller centralia 
lying toward the radial side 
and, finally, a series of five 
distal carpals, each of which 
lies opposite the head of a 
toe. 



Fio. 100.—.1, Lateral view of tlie pelvic girdle and limb 
of a primitive lubyriatliodont (composite); B, lateral view 
of the pectoral girdle and limb of Eryopa. (After Miner.) 


The toes, or digits, of land forms consist of a first segment—a metacarpal 
—flying within the palm region of the front foot, and beyond this a variable 
number of elements—^phalanges—^making up the joints of the free portion 
of the toe. Five toes are present in the front foot in Diplovertebron (Fig, 102, 
A), Most living amphibians and many fossils have but four; there are in some 
cases, however, traces suggesting that there may have been as many as 
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seven toes originally. The inner digit, corresponding to the human thumb, 
receives the special name of the pollex. The number of phalanges varies, al¬ 
though the inner toes tend to be shorter than the outer ones. Reptiles typical¬ 
ly have a phalangeal formula (counting the number of joints from the pollex 
out) of 2-3-4-5-3 (or 4); amphib¬ 
ians generally have less. 

The pelvic limb (Fig. 100, yl) 
may be compared, part for part, 
with the pectoral, although a differ¬ 
ent set of names is used for the 
bony elements. The femur, usually 
longer and slimmer than the hu¬ 
merus, constitutes the proximal 
segment. 'I'he next consists of the 
tibia within and the fibula on the 
outside. The ankle is the tarsus 
(Fig. 101, B)\ and the names of 
the tarsal elements are similar 
to the carpal ones, except that, 
of course, the names tibiale and 
fibulare replace radiale and ulnare; the first toe is the hallux. 

The pose of the primitive land limbs (Fig. 100) is quite unlike that found 
in most living forms, although the straddling walk of a turtle is comparable 
and, indeed, may have been retained from those early days with compara- 



Fig. 101. —Nomenclature of the carpal and tarsal 
elements. Diagram of the right carpus of a primi* 
tive amphibian; diagram of the right tarsus. Abbre¬ 
viations: /-F, metacarpals or metatarsals. 1-5, distal 
carpals or tarsals; cl-c4, centralia. h\ Fibula; /, 
fibulare; t, intermedium. R, Radius; r, radiale. 
F, Tibia; tibiale. Ulna; m, ulnare. 



the rhachitomous amphibian Eryopa; C, pcs of the rhachitomous amphibian Trematopa. Abbreviations: 
pmt postminimus; pp, prepoUex. (A after Watson; B after Gregory, Miner, and Noble; C after Williston.) 

tively little modification. The proximal segments of the limbs are extended 
nearly straight out from the body, with the forearm and lower leg extended 
down at right angles. It is obvious that in such a position only short strides 
could be taken and that a great deal of the animal’s strength was used mere- 
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ly in keeping the body off the ground. Walking must have been a slow and 
difficult process, especially for an animal of any size. 

Other organs. —The probable condition of organs of other systems in 
such a primitive vertebrate may be deduced from conditions still found in 
living forms. In the adult, gill breathing would have gone and the lungs alone 
been functional; internal nostrils were, of course, present. Usually in tetra- 
pods all the gill openings except the spiracle disappear. In connection with 
this change, the circulatory system has been considerably modified; for, in¬ 
stead of passing to the gills, the blood must now pass to the lungs to be puri¬ 
fied, This results in the destruction of most of the aortic arches which passed 
up between the gills. The last one is enlarged and forms part of the passage 
for blood to the lungs ; more anteriorly another persists to carry the blood 
which has returned from the lungs to the heart, up to the dorsal aorta and so 
to the body. With this double flow of blood through the heart there is the be¬ 
ginning of a division of this organ into two separate sets of compartments; 
this division, however, is incomplete in amphibians. 

The brain of amphibians is still small, especially the cerebral hemispheres, 
which are as yet entirely concerned with smell. The sense organs have under¬ 
gone considerable modifications. The nostrils are adapted for smell under the 
changed circumstances of air instead of water for a medium. The eyes are 
usually large; the sclerotic plates, already mentioned as present in many fish 
groups, were retained in primitive tetrapods. A median eye was present in 
all early forms but tended to be lost in post-Paleozoic tetrapods of most 
groups. 

The ear region has undergone great change. The balancing function is, of 
course, retained. Hearing, however, is more difficult in a land type, for air 
vibrations are so delicate that they cannot effectively set up pulsations which 
reach the ear through the thickness of the skull. We find in relation to this 
situation that tetrapods have developed a new mechanism (Fig. 103) which 
amplifies the vibrations and transmits them to the internal ear. The spiracu- 
lar opening is retained, but near its outer end it is closed by a thin tight 
membrane—the ear drum—which picks up the sound vibrations. This drum 
primitively lies in the otic notch, which corresponds to the spiracular slit of 
the fish. Attached to the drum is a small bone, the stapes, or stirrup (some¬ 
times termed the columella), which at its inner end abuts on the otic region 
of the skull. Beneath this inner end there is, in most tetrapods, a foramen 
(fenestra ovalis) leading into the liquid-filled spaces of the internal ear, so 
that air waves caught by the drum and transmitted by the stapes set up vi¬ 
brations in the internal ear; hearing thus results. The stapes is the fish hyo- 
mandibular, which was similarly propped up against the otic region of the 
fish skull. With the tightening of connections between jaws and skull, its old 
function of a jaw support became superfluous; and, lying in the region just 
behind the spiracle, it was free to be adapted to this new function. 
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The lateral-line system of fishes is still retained in the water-living am¬ 
phibians, and grooves for head canals can often be seen on fossil skulls. 
Higher in the scale, however, these canals are lost entirely; and even among 
the amphibians, adult forms which are land dwellers lose them. Their pres- 








eus^achian I'ube/ i 



Fia. 103.—A series of stages in the evolution of the ear apparatus. (’ross-section of half of a 
hsh skull in the ear region. The ear structures consist only of the deep-lying sacs and semicircular canals. 

An amphibian. The hyomandibular bone (Am) of the fish is pressed into service as a sound transmitter, 
the stapes (s); the first gill slit, the spiracle («p), becomes the Eustachian tube {eu) and the middle-ear 
cavity (me), while the outer end of the spiracle is closed by the tympanic membrane (fm). C, A mammal¬ 
like reptile. The stapes passes close to two skull bones (9, quadrate; a, articular) which form the jaw joint. 
/), Man (the ear region only, on a larger scale). The two jaw-joint bones have been pressed into service 
as accessory ossicles, the malleus (m) and the incus (t). E, A primitive land animal and a mammal-like 
reptile to show the relation of the eardrum to the jaw joint. At first in a notch high on the side of the 
skull (the otic notch) occupying the place of the fish spiracle, it shifts in mammal-like reptiles to the jaw 
region. In mammals the jaw comes to be formed of one bone only (d, the dentary), and the bones of the 
jaw-joint region are freed to act as accessory hearing organs; oe, tube of outer ear. 

ence or absence in a fossil is a good clue to its habits, for this sensory system 
is of use only in the water. 

Tatrapod ancestors .-^Som the description above, it is obvious that 
among the bony fishes the extinct crossooterygians were the closest to the 
ancestors of the tetrapods. The lungfish of today are very similar to the am- 
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phibians in their embryology and certain soft parts, but this merely indicates 
the retention of characters present in their crossopterygian ancestors; in such 
respects as teeth and skull structure the lungfish are definitely on an evolu¬ 
tionary side line and cannot themselves be tetrapod ancestors. As regards the ^ 
actinopterygians, such features as the absence of internal nostrils and the 
lack of a large fleshy fin from which a land limb might develop rule this group 
out of consideration.]^ 

In almost every respect the crossopterygians fulfil the requirements for 
tetrapod ancestors. If a shift in sk ull proportions be taken into account, the 
sk ull-roof patterns in the two groups are readily comparable; t he palata l and 
j aw structures are identi cal. Even the details of the dentitio n, with the laby¬ 
ri nthine structur e and the peculiar pit and to oth arrangement on the pa late, 
wer e identical in the two groups. The only obvious difference in cranial struc¬ 
tures lies in the facFtEaFthe crossopterygian braincase is divided into two 
sections and that of amphibians is a single unit. It may be that amphibians 



Fig. 104. —The pectoral girdle and fin of the Devonian crossopterygian Sauripterus (after Gregory); 
B, diagrammatic representation of a tetrapod limb placed in a comparable position: Abbreviations: h, 
humerus; r, radius; u, ulna; for other abbreviations cf. Figure 98. 


have descended from unknown crossopterygians in which the braincase joint 
had not been established. But it is not at all impossible that they have come 
from typical members of that group and that the fused amphibian braincase 'y 
is a secondary development. T he paired fins of cr ossopterygians were sm aller 
than those of tetrapods, but structure of the sE ^eto iTof t^ w as es- 
sehtiall y sim ilar (F%. 104)7 In ^rosaopteryfflans there was a single proximal 
bone (corresponding to the humerus or femur of tetrapods), two bones in the 
next segment (as in the forearm or lower leg of land forms), and beyond this 
an irregular subdivision which is roughly comparable to the foot skeleton of 
primitive land types. The better-known genera are probably too specialized 
or too late in time to have been the actual ancestors, but the crossopterygi¬ 
ans as a group seem unquestionably to represent the stock from which land 
vertebrates have sprung. 

Oriflin of tetrapods. —^The "‘why” of tetrapod origin has been often de- ^ 
bated. Many of t he earliest amphibians appear to have been fairly large 
forms of carnIvorourhaDits, still spending a large portion oi tiieir ijtne in 
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fre sh"water poo ls. A longside them lived,their close relatives, the crossop tery g" 
ians, similar in food habits and in many stmctural fe atu res and differing 
marEe dly^hTjnn the lessef de ygl^nr^'oLthe paired Hinly. Why did the 
amphibians leave the water? Not to breathe air, for that could be done by 
merely coming to the surface of the pool. Not because they were driven out 
in search of food—^they were carnivores for whom there was little food on 
land. Not to escape enemies, for they were among the largest of vertebrates 
found in the fresh waters from which they came. 

1'h eir app earance on land seems to have resulted as an adaptation for re- 
maiiii ng in thc^water. 

'i'he earliest-known amphibians lived much the same sort of life as the re¬ 
lated contemporary crossopterygians. Both lived normally in the same 
streams and pools, and both fed on the same fish food. As long as there was 
plenty of water, the crossopterygian probably was the better off of the two, 
for he was obviously the better swimmer—legs were in the way. T he Devoni- 
an, during which land adaptations originated, was seemingly a tim^f sea- 
sonaT drou^ts "when life musVhave been di fficul t. Even then, 

if t]^^ater^inerelx..b^^ stagnant and foul, the crossopterygian could 
come to the surface a^ breatlie air as jyejl ^ the a^ Uie 

waterTlf ied up ^ogctEer, the amphibian had the better of it. The fish, in-^ 
eapa^ble of land locomotion, must stay in the mud and, if the _wa^^^ 
soon return, must di^But the amphibian, witii his shoH 
fectiv<nmib^couTd crawl out of the pool an^walk ov^^ (prob ably very 
slowly ahJ painfully aT first) and reachJdie next pool where water still re- 
ma inedT “ ^ 

O nc^his process had begun, it is easy to see how a land fauna might even¬ 
tually have been built up. Instead of seeking water immediately, the amphib¬ 
ian m^ht linger on the banks'ahdTdevduf stranded fish. Some types might 
take,'to~c ^^ ms^TsTpnmitlve ones resembling cockroaches and 
dragon flies were already abundant) and, finely,j)lant food. The larger car¬ 
nivores might take to eating their smaller amphibian relatives. Thus a true 
terrestrial fauna might be established. " 

AmphibTanrclassification —The problem of the proper classification of 
the amphibians has been—and still remains—a vexatious one, and no exist¬ 
ing system seems particularly satisfactory. We here introduce a different 
scheme which at the moment appears best to accord with present knowledge 
of the group (but which may, in turn, become obsolete with increased data 
regarding amphibian evolution). The two contrasting types of vertebral 
s tructures found in am phibians are here regaidedjis distinctiv e of two major 
subd ivisions of th e Amphibia* 

^ Hie term Lepospondvli h as long been used for a numb er of fo s sil g rou ps 
w ith the lep Os pondylous type of vertebral structu re; we here use it for a sub- 
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class in which we shall include, besides the old er group s, the modern or ders 
with a jmilar vert^ral structure—the salamanders, forming th e order 
TJfo^fcj,.5Jtid-t^ wormlike members of the wder A pod a. 

>The second type of v erteEra^dcscrih^^ —^that in whic h th e cen tra 

are ossifi ed fro m blocks or arches of cartilage—is character istic of a g reat 
series of ojder amphibians known as the Labyrinthodontia and is retai ned 
in modified form in the higher amniote classes and, among the Amphibia, in 
the^Anura—tEeTrbgs^hTtdads, wfaic^appear to be of labyrinthodonTan¬ 
cestry. For this amphjbian group is coined the term Apsidospondyli, or 
fori^with.ftr<^^yer^^^ ^ 

This classification is a vertical one, an attempt to distinguish two major 
lines of descent, each of which includes both older and younger elements. We 
may note, however, that there has been, since Paleozoic days, a great deal of 
parallel evolution in both subclasses, so that the modern forms in either case 
have in common many specialized and degenerate features. For example, in 
most existing amphibians many of the dermal elements of the skull have dis¬ 
appeared, and the orbital and temporal regions are unprotected by bone. In 
contrast, almost all Palaeozoic forms of both groups had a completely roofed 
skull. T he term **stegoceph alian/* referring to this fact, is ofte n use d as a 
d esignation for t he old ejr amp h^ibians. This, however, is inappropriate as a 
taxonomic term, for it merely distinguishes between geologically older and 
younger amphibians of various groups without regard to their true relation¬ 
ships. 

Labyrinthodonts. —The largest and most important series of early fossil 
amphibians is that included in the superorder Labyrinthodontia, defined as 
primitive amphibians with the apsidospondylous type of vertebrae described 
above. It appears probable that t he earliest-known Devonian amph ibians 
were members of the labyrinthodonts, in a broad use of the term; and practi¬ 
cally all th e larger amphibians of late Paleozoic a nd Tri ass ic belonged to 
t his gro up. Some of the more primitive types resembled greatly the oldest 
reptiles and are unquestionably ancestral to them, and thus to all higher tet- 
rapods. More than that, the earlier representatives of the group are struc¬ 
turally close to the ideal tetrapod ancestor. 

The structure of a rather primitive labyrinthodont has been described 
above in some detail. But the labyrinthodonts were not, so to speak, any 
more disposed to remain idealized ancestral types than any other group of 
organisms which are of importance as phylogenetic connecting links. They 
themselves underwent a very considerable series of evolutionary develop¬ 
ments between their first appearance and their extinction in Triassic times. 
The earliest types were primitively aquatic forms, of which Eogyrinus is 
fairly typical. Even in the Carboniferous, however, there appears to have 
been a trend toward stouter-limbed land types; from such forms may have 
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sprung the reptiles. But, in the Permian, regression took the place of progress 
in limbs and other structures, and the Triassic end-forms of the order were 
degenerate types, incapable of leaving the water. / 

Many structural trends accompanied this sequence of stages. Phe body 
shape was primitively well rounded and rather fishlike; in later types a de¬ 
pressed body and a stumpy tail became common. The skull, at first compara¬ 
tively high and narrow, tended in later forms to flatten out and become very 
broad and depressed. A single occipital condyle was present at first; in time 
this divided into two separate articulations. On the palate the primitively 
small openings between the pterygoids and the parasphenoid opened out into 
huge interpterygoid vacuities, and the movable joint between the pterygoids 
and the braincase became a broad, firm union of these bones. Ossifications in 
the braincase were much reduced. The limbs tended early to increase in size 
but in later types dwindled into insignificance. In the shoulder region the 
clavicles and interclavicle expanded into broad plates on the flat lower sur¬ 
face of the chest. At first, progress and the throwing-off of lines leading to 
other tetrapod groups; then degeneration into flat, sluggish water types; 
finally extinction—such seems to have been the history of the labyrintho- 
donts. 

It is difficult to establish good criteria for subdivision of the labyrintho- 
donts. They will here be considered as constituting five orders: Ichthyosteg- 
alia, Rhachitomi, Stereospondyli, Embolomeri, Seymouriamorpha. 

The earliest amphibians.—Amphibians are abundant and varied in the 
Carboniferous, and it is therefore certain that the group originated in the 
Devonian. Until recently no skeletal remains of amphibians were known 
from that period, but in the last few years two discoveries have been made 
which shed light on this earliest chapter in tetrapod history. These discov¬ 
eries are not, however, too satisfactory; for in one case the find is definitely 
Devonian but doubtfully amphibian, in the other definitely amphibian but 
doubtfully Devonian. 

In the famous Upper Devonian beds at Scaumenac Bay in Canada there 
has been found, among the plentiful remains of fishes, a single small and in¬ 
complete skull roof of unusual nature, which has been named Elpisiosiege 
(Fig. 106 ). As may be seen, the pattern of the bones is comparable, in gen¬ 
eral, to that of crossopterygian fishes but is even closer to that of the ich- 
thyostegal amphibians discussed below. We have noted that a major differ¬ 
ence between crossopterygian and amphibian skulls lies in the relative de¬ 
velopment of front and back portions; Elpisiosiege is intermediate in its 
proportions. It thus appears to represent in skull structure a transitional 
stage between the two groups. We know nothing at all of its postcranial 
skeleton—^whether it bore fins or legs. Perhaps significant in attempting to 
reach a decision is the fact that the roof shows no trace of the transverse ^ 
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break behind the parietals which in crossopterygians is associated with the 
bipartite braincase. We may very tentatively assign it to the Amphibia and 
associate it with the more highly developed ichthyostegids next to be de¬ 
scribed. 

In the Paleozoic deposits of Greenland have been discovered a series of 
skulls described under the generic names Ichthyostega (Fig. 105) and Ich- 
thyostegopns, nie fresh-water beds from which they are derived are of some¬ 
what uncertain age; but» if not late Devonian, they arc at the least earliest 



Fig. 105. —Dorsal, ventral, and lateral views of the skull of Ichihyostega; length of original about 8 
inches. For abbreviations see Figure 96. (After SUve-Soderbergh and Westoll.) 


Mississippian; and these genera are the oldest-known forms which can be 
definitely classed as amphibians. They were animals of fairly good size, for 
the rather high and narrow skulls are half a foot or so in length. The roof pat¬ 
tern is, in general, highly comparable to that of Carboniferous and Permian 
labyrinthodonts. It is, however, primitive in a number of respects which are 
suggestive of the crossopterygian condition. The snout is rather less devel¬ 
oped than in most amphibians, and there is present a rostral element com¬ 
parable to the rostrals of many bony fishes; the skull table is unusually long 
for an amphibian. There is no evidence of the fish operculum, but there is a 
remnant of the preopercular bone which in bony fishes connects it with the 
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cheek. The snout is so rounded that the nasal openings are invisible in dorsal 
view. In most land forms the internal and external openings are separated 
by a broad bar of bone; here they are separated by only a slender process of 
the maxilla—presumably a primitive condition. The palate is primitive in 
nature, with small interpterygoid vacuities. 

There are a few characters in which Ichthyostega shows advances or spe¬ 
cializations rather than truly primitive amphibian conditions. In some other 
early amphibians (embolomeres) the otic notch is deep, and the cheek region 
below it rather loosely attached to the skull roof, much as in the comparable 
spiracular region of crossopterygians; in ichthyostegids the notch is shallow 
and the bones about it solidly fused. Other early groups of labyrinthodonts 
have an intertemporal bone in the skull roof; this is absent in Ichthyostega, 
We may conclude that the ichthyostegids, despite their antiquity, are not 



Fig. 106. —The skull roof of various labjTmthodonts: A, the primitive Elpufontege of the Upper De¬ 
vonian (Xi approx.), the lateral portions restored; Colosteus^ a Pennsylvanian ichthyostegan (X 
J approx.); C, Edops, a primitive Permo-Carboniferous rhachitorae (Xa’o approx.); /), Gerrothorax, a 
Triassic short-skulled stereospondyl (Xro approx.); t, intertemporal. For other abbreviations sec 
Figure 96. {A after Wcstoll; D after Fraas and von Iluene.) 


the generalized ancestors of other amphibian groups but, rather, a very early 
offshoot from this ancestral stock. 

There are no data as to the postcranial skeleton in Ichthyostega, However, 
this group of amphibians, which may be called the order Ichthyostegalia, 
persisted into the Carboniferous and is last represented in the Pennsylvanian 
by Cohsteus (Fig. 106) and Erpetosaurus (Fig. 107). Here the postcranial 
skeleton is of the general type seen in other early labyrinthodonts. The verte¬ 
brae, although incompletely known, appear to have a primitive structure of 
the general rhachitomous type, and we are justified, therefore, in including 
the Ichthyostegalia among the labyrinthodonts. 

It is of interest that these late members of the group parallel other laby¬ 
rinthodonts in some of the degenerate and specialized trends discussed in the 
last section^ For example, Ichthyostega had small interpterygoid vacuities; 
in Erpetosaurus (Fig. 107) they are large and rounded, as in various other 
amphibian groups of the late Carboniferous and Permian. 
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Embolomeres. —very different but also very primitive group of laby- 
rinthodonts is that of the order Embolomeri. Diagnostic is the vertebral 
structure (Fig. 94), in which both intercentra and pleurocentra have become 
complete disks. They are exceedingly primitive in many respects; and, on 
the other ha6S, they show features suggestive of relationship to the reptiles. 
The embolomeres, in genera such as Eogyrinus (Fig. 108) and Palaeogyrinus 
(Fig. 96), appear to have been common large amphibians of the Carbonifer¬ 
ous; they became extinct, however, at the beginning of Permian times. Our 
foregoing account of primitive amphibian structure was based in great meas¬ 
ure on such embolomeres. The skull, as expected in primitive forms, was 
relatively high and narrow and sometimes elongated; there was but a single 
occipital condyle, llie skull-roof pattern was of a very primitive type. There 

was a deep otic notch; the cheek plate 
below it appears to have been but 
loosely attached to the skull roof. 
Both intertemporal and supratemporal 
elements are present in the skull table, 
and a further point of distinction from 
ichthyostegids in this region is the fact 
that the tabular is relatively large and 
is in broad contact with the parietal. 
The palate is primitive in nature, with 
small vacuities, and, as in bony fishes, 
there is a movable articulation between 
braincase and palate on either side. 
The i)raincase is very well ossified» 



Fig. 107.— Left, palate of the Pennsyl¬ 
vanian ichthyostegan Erpetosaurus (Xi 
approx.). (After Steen and Romer.) Right, 
palate of Edops (X approx.). For abbrevia¬ 
tions see Figure 96. 


In the only forms in which the skeleton is at all well known, the body 
was much elongated, with a powerful tail but small limbs. Such em¬ 
bolomeres were, we believe, persistent, water-dwelling fish-eaters. There is 
evidence suggesting that the limb girdles were of a primitive and rather fish¬ 
like nature. There appears to have been but a loose connection between pel¬ 
vic girdle and backbone; in some embolomeres, as in bony fishes, the dermal 
shoulder girdle may have still connected with the head, a projecting “horn’’ 
on the tabular bone forming the point of attachment. 

In many skeletal features the embolomeres are archaic types and have 
been regarded as representatives of the stem amphibian stock. The vertebral 
structure, however, is not that which one would expect in ancestral forms, 
and there are features of the skull pattern which suggest that they had spe¬ 
cialized to some extent toward the reptiles. They were, however, an impor¬ 
tant group of persistently primitive amphibians and played a major part 
in the life of the Coal Measures swamps and p>ools. 

tHploveriebron (Figs. 102, 109) is of interest as a link between the embo- 
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lomeres, on the one hand, and the seymourians (next to be described) and 
reptiles, on the other. This is a small amphibian from the late Pennsylvanian 
of Europe. The skull is exactly comparable with that of embolomeres, and 
the vertebrae are usually described as embolomerous in nature. However, 
the intercentra appear not to be complete disks but large crescents, incom¬ 
plete above, suggesting a connection with ^eymouria and the reptiles; also 



Fig. 108.— Eogyrinus, a Carboniferous embolomerous amphibian; estimated length about 16 feet. 
(After (Iregory, modified from Watson.) 



Fig. 109. —Dorsal view of the skeleton of Diplovcrlebrotit a small seymouriainorph amphibian from the 
late Pennsylvanian of Bohemia. (From Watson.) 


suggestive of such relationships is the five-toed manus and the long-stemmed 
interclavicle. 

Seymouriamorpha. —Seymouria (Figs. 110, 111), a form of modest size 
from the Lower Permian red beds of Texas, is one of the most frequently dis¬ 
cussed of eaily tetrapods,'1for it exhibits such a combination of amphibian 
and reptilian characters that its proper position in the classification of verte¬ 
brates is an unsolved problem. Many of its structural features are those com- 
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mon in the skeletons of a wide variety of early tetrapods—^amphibians and 
reptiles alike. The skull roof is identical in pattern with that of the embolom- 
eres, even to the presence of an intertemporal bone, not present in reptiles. 
The palate is likewise primitive; there are even persistent palatal tusks of 
amphibian type on vomers and palatines. There is a single occipital condyle, 
as in primitive members of both classes, and the braincase shows features of 
both groups. The limbs and girdles show many characters common to all 
primitive tetrapods. There are a number of features comparable to those in 
reptiles rather than to typical amphibians. Th(^ humerus is pierced by a 



Fig. 110. —Seymnuria in dorsal view; original about 20 inches long. (From Williston.) 


foramen found in primitive reptiles but not in typical amphibians; the inter¬ 
clavicle has a long stem, whereas that of typical amphibians is short and 
broad; the manus is five-toed; the phalangeal formula is 2-3-4~5-3(4); the 
shoulder, as in reptiles but not in typical amphibians, has a ventral coracoid 
ossification in addition to the scapula. But the humeral foramen is found in 
embolomeres, the stemmed interclavicle in Diphvertebron; this last form has 
a five-toed manus, although with a lower phalangeal count. The ilium, usual¬ 
ly slender in amphibians, is expanded, as in reptiles generally. Reptiles com¬ 
monly have two or more sacral ribs; amphibians, one; Seymouria appears to 
be in process of incorporating a second rib. The vertebrae (Pig. 94) are like 
those of primitive reptiles (cotylosaurs) in their broad and swollen neural 
arches and in the structure of the central region, with a complete disk of true 
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centrum and a wedge-shaped intercentrum; but the intercentrum is unusual¬ 
ly large, and we have noted a similar build in Diplovertebron, 

Seymouria thus seems to stand almost exactly on the dividing line between 
amphibians and reptiles; we have here a demonstration of the fact that there 
is no clear-cut distinction between the two classes in skeletal structures. The 
distinction between them is fundamentally one of modes of development. 
Did SeipiiOKria lay its eggs, frog-fashion, in the water or produce shelled. 



Fig. 111. —llie skull of Seymouria. A, Dorsal; J?, ventral; C, lateral; and posterior views. T^engtli 
of original about inches. For abbreviations see Figure 96. (After Willislon and White.) 


land-laid eggs of amniote type? Probably this question will never be an¬ 
swered. 

An indirect answer, however, seems to be supplied by a consideration of 
KoUassia (Fig. 112). This is a small amphibian from the Upper Permian of 
Russia, which seems to be a late surviving relative of Seymouria, It shows 
many features comparable to those found in Seymouria: it is, however, much 
more like typical amphibians than is that genus. In its flattened skull, the 
relatively feeble ossification of the skeleton, and other features, it appears to 
be undergoing a series of regressive changes associated in t 3 rpical amphibians 
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with a reversion to permanent water-dwelling existence. This evolutionary 
parallelism strongly suggests that Seymovria and its kin, although close 
morphologically, and perhaps phylogenetically, to the reptiles, were still on 
the amphibian side of the boundary and should be included, as the order 
Seymouriamorpha, with their labyrinthodont relatives. 

The Rhachitomi. —Returning from this excursion into the neighborhood 
of the Reptilia, we may now consider the most abundant and typical of all 
labyrinthodont groups, the Rhachitomi. This order includes nearly all of the 



Fig. 112. —The skeleton of the Upper Permian seymouriamorph Kotlasday about b natural size. 
The manus is unknown. (From Bystrow.) 



Fig. 113.— Eryops, a large Lower Permian rhachitomous amphibian about 5 feet in length. (From 
Gregory.) 


larger amphibians of the Permian period; but, as will be seen, there is evi¬ 
dence indicating that the group had originated at a much earlier time and had 
had a long independent history. The characteristic Permian forms occupy a 
middle position in the series of regressive stages noted in the labyrintho- 
donts; but it will be seen that there appear to have been ancestral rhachit¬ 
omous types of much more primitive nature. 

The group name is derived from the rhachitomous structure of the verte¬ 
brae (Fig. 94). Apparently, they share this feature and certain others with 
the ichthyostegids, but the rhachitomes are probably not derived from those 
early types and can be readily distinguished from them. 
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tion, since the basioccipital which formed its central part was small. The in¬ 
terpterygoid vacuities were considerably enlarged, and the pterygoids were 
now firmly attached to the broad parasphenoid which stretched back over 
the reduced basisphenoid. 

The skull-roof pattern shows details diagnostic of the Rhachitomi. As in 
ichthyostegids and in contrast to embolomeres, the otic notch is rounded, 
with the cheek solidly united with the skull roof in front of the notch, and the 
tabular is relatively small and without a contact with the parietal. Such fea¬ 
tures suggest a relationship between the two groups, but the relationship is, 
at best, a distant one. The fact that Eryops, like the ichthyostegids, lacks an 
intertemporal bone appears to be a further point of similarity. But this is not 
the case; as will be seen, early rhachitomes, like embolomeres, had retained 
this element. 



Fig. 115. — Cacops^ a small rhachitomoiis amphibian from the Lower Permian. Original about 16 
inches long. (From Willislon.) 


There were numerous side branches of the rhachitomous stock in the Per¬ 
mian. An interesting type is that shown in Cacops (Fig. 115) and its allies. 
These forms were the most terrestrial in habits of the Rhachitomi, with well- 
developed legs and a much-reduced tail. Presumably as a defense against 
carnivorous reptiles (already abundant in the Lower Permian), dermal ar¬ 
mor plates were present on the back above the neural spines. This is an early 
instance of the development of armor in land animals; we shall find similar 
structures again and again in reptilian groups and in certain manupals as 
well. The otic notch of some of these forms was inclosed behind, giving a 
complete ring of bone around the ear drilm. 

Even among the Permian Rhachitomi many forms were already degener¬ 
ating, slumping back into the water, with very depressed skulls and much 
reduced limbs. Trimerorhachia was a typical form Of this sort, which struc¬ 
turally led to the final stage in labyrmthodont evolution. 

We may here note the history of the ‘^rancliiosaurs’* (Figs. 116,117). In 
the late Pennsylvanian and early Permian deposits of Eunq>e there have 
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been found many skeletons of tiny amphibians which show a number of 
points of resemblance to the rhachitomes but differ not only in their small 
size but in a much less ossified skeleton, a shorter skull, and other features. 
In many specimens clear traces of gills were present, and hence the name 
Branchiosaurus was appropriately given them. The vertebrae were feebly 
ossified and poorly preserved and were thought to differ from those of the 
llhachitomi; on this account the branchiosaurs were considered to represent 



Fkj. 116 . —The skeleton of Branrhio.murn,s^" a larval rhachitonic from the Lower i^ermian, with 
remains of both external and internal gills. (After Biillman and Whittard.) 



Fig. 117.—^Skull of **Branchiosaurus,*^ dorsal and ventral views, enlarged. For abbreviations see 
Figure 00. (After Biillman and Whittard.) 

a separate order, the “Phyllospondyli”; and a number of other Paleozoic 
amphibians were provisionally included in this group. 

A study of growth stages, with changing proportions and increasing ossifi¬ 
cation in larger specimens, seems to show, however, that the branchiosaurs 
are merely larval labyrinthodonts, many of them gradually transforming, 
with increase in size, tetter ossification, and loss of gills, into rhachitomes of 
the Eryops type. The “order Phyllospondyli,” long included in every ac¬ 
count of tile Amphibia, is thus a purely imaginary group. 
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We have earlier noted a series of stages in structural degeneration through 
which the labyrinthodonts tended to pass in the late Paleozoic and Triassic. 
The Permian rhachitomes exhibit an intermediate stage in this process, the 
Carboniferous embolomeres a more primitive one. It has been held that the 
rhachitomes, therefore, were descended from embolomeres. This, however, 
is probably not the true situation. In recent years evidence has been gained 
which indicates that the rhachitomes were a far older group than we had 
once thought and include within their own membership types of very primi¬ 
tive structure. Recently there have been discovered and identified as rhachit¬ 
omes various Pennsylvanian forms, large and small, such as Edops (Figs. 
106, 107) and Dendrerpeton, which show a host of primitive features: the 
skull is relatively higher than in Eryops; the palatal vacuities are relatively 
small; the articulation of braincase and palate is movable in primitive fash¬ 
ion; there is a single skull condyle instead of the double condition seen in 
Eryops; and an intertemporal bone is present on the skull roof. 

We have not as yet identified rhachitomes positively in the Mississippian, 
but in that period the commonest amphibians were forms of the type of 
Loxomma and Megalocephalus [Orthosaurus] (Fig. 97). The loxommids pos¬ 
sessed one obvious but superficial specialization—a long forward extension 
of the orbit, which may have lodged a gland of some sort. Apart from this, 
they were very primitive amphibians indeed in every skull feature, and in de¬ 
tails of skull pattern they show a close resemblance to the rhachitomes of 
later days. Their vertebrae are unknown, but it is likely that they are an 
early offshoot of the rhachitomous stock. It is not too improbable that we 
shall one day be able to carry the story of the rhachitomes back to ancestral 
amphibians of the Devonian. 

Stereospondyls. —In the order Stereospondyli are included the last and 
most degenerate members of the Labyrinthodontia. The diagnostic feature 
lies in the vertebral construction (Fig. 94). The pleurocentra have disap¬ 
peared completely, and the whole central region is formed by the intercentra, 
which have grown from ventral crescents to nearly complete disks, notched, 
however, at the top for the notochord. The head was large, the body and 
tail short, and the limbs were tiny and obviously inadequate to support the 
body on land. The trunk was very broad and flat, and the interclavicle and 
clavicles formed a broad chest plate upon which the animals presumably 
rested. The skull (Fig. 114), too, was much flattened, and the eyes (as in all 
bottom-living forms) looked directly upward. The ossifications in the brain- 
case had almost entirely disappeared, save the exoccipitals which formed the 
two distinct condyles. Beneath, the huge parasphenoid covered the entire 
braincase area, and there was a broad immovable connection between this 
bone and the pterygoids. The interpterygoid vacuities were very large. 

The stereospondyls are clearly of rhachitome derivation, and Upper Per- 
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mian and very early Triassic deposits contain transitional genera. The stere- 
ospondyls are common in numerous Triassic beds in almost every region of 
the world. A maximum in size was reached by the appropriately named Mas^ 
todonsauTUs, with a skull over a yard in length. In many forms, such as Capi- 
tosaurus, the skull was of “orthodox” outline, with the orbits rather toward 
the back of the skull and the facial region moderately long. In Trematosaurus 
and its relatives the snout was excessively long. These last forms were fish¬ 
eating types; evidence from Spitzbergen indicates that some of them were 
actually marine in habitat, a situation unparalleled among other amphibians, 
for salt water is fatal to larval forms. 

Buettneria (Fig. 118) is typical of a group common in the North American 
Triassic, in which the orbits were near the front of the long skull. Still another 
variant is present in Brachyops and its allies (Fig. 106), in which the skull is 
very short and broad. 



Fjg. 118 . —Dorsal view of the skeleton of the Triassic stereospondyl Buettneria, natural size 
(From Sawin.) 


Despite their abundance, the stereospondyls did not survive the Triassic. 
Their extinction is perhaps to be correlated with the fact that at that time 
there were developing numerous reptilian types of similar aquatic habits with 
which the more lowly organized amphibians could not successfully compete. 

The evolution of frogs. —Far different in almost every respect from the 
labyrinthodonts are the modern frogs and toads of the superorder Salientia, 
which we shall here regard as constituting, with certain fossil relatives, an 
order Anura. These modern amphibians are very degenerate and specialized 
types. 

Some of their degenerate features are shared with the urodeles, although 
the two have evolved from very different Paleozoic stocks. The skull in both^ 
groups is much flattened, and there has been much reduction in ossification 
of the braincase. Exoccipitals bearing the paired condyles and a spheneth- 
moid are almost universally present, and there is usually an opisthotic; but 
other braincase elements, such as basioccipital, supraoccipital, and basi- 
sphenoid, are practically unknown. The pineal opening is lost, and many roof- 
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ing bones have disappeared; the skull is no longer solidly roofed. Almost 
without exception every bone of the circumorbital series has vanished, to¬ 
gether with the temporal elements, tabulars, and dermal supraoccipitals, 
leaving of the dermal bones only a reduced central row and a lateral rim 
along the jaw. As in the late members of the older groups, there are in the 
palates of frogs and salamanders large interpterygoid vacuities separated by 
an expanded parasphenoid. Both ectopterygoids and epipterygoids disap¬ 
pear, and the other elements may be much modified; the pterygoids are im¬ 
movably attached to the braincase. The jaw elements are much reduced; at 
the most, we find a dentary, angular, prearticular, articular, and a single 
coronoid, as compared with the ten bones present in early labyrinthodonts; 
and there may be still further reduction. 

There is much loss of ossification in the limb skeleton; the pubis is never 
ossified, and the carpus and tarsus may remain largely formed of cartilage. 
There are never more than four typical digits in the front foot. There is no 
trace of scales in either frogs or salamanders. 

Beyond these features possessed in common with salamanders, the frogs 
show numerous peculiar specializations. Most obvious are the absence of a 
tail and the extremely long, hopping hind legs, in which an extra joint has 
been formed from elongated tarsal elements. The internal structures are also 
highly modified. The vertebrae lack true centra in most cases; the neural 
arches grow down around the notochord and form the body of the vertebrae, 
although in some primitive genera small nubbins along the ventral margins 
represent vestigial intercentra and pleurocentra. There are often only six or 
eight vertebrae in the entire backbone, although at the posterior end of the 
column, beyond the sacrum, there is a peculiar long spike of bone which ap¬ 
pears to represent a dozen or so tail vertebrae fused into a solid mass. The 
ribs have almost universally disappeared and are replaced by long transverse 
processes. 

The ilium is extended into a long rod which reaches forward a considerable 
distance to connect with the last of the vertebrae. The hind legs are very 
long and powerfully developed for jumping, and tibia and fibula are fused 
into a single elementj as are the radius and ulna in the front leg. The shoulder 
girdle retains all the primitive parts, although it is rather peculiar in form 
and seemingly strengthened to take up the jars caused by the hopping gait. 
There is even a separate coracoid ossification, an unusual feature in amphib¬ 
ians. Alone among living tetrapods, the frogs apparently have a vestige of 
the cleithrum in a partially ossified area above the scapula proper. 

The frogs are the most successful of modern amphibians. Their history can 
be readily followed back to the Jurassic. The remains from that period, al¬ 
though fragmentary, indicate that the frogs were already modern in build; 
and until recently their earlier history was unknown. 
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Two recent discoveries offer a solution to this problem of frog ancestry. A 
nodule from the early Triassic of Madagascar contains the skeleton of a small 
amphibian which has been named Protobairachus, The specimen displays a 
skull which is very similar to that of modern frogs and toads. The postcranial 
skeleton, on the contrary, is not particularly froglike except for elongation of 
the ilium. The trunk is moderately long; the tail not shortened; ribs were 
present; the limbs, while moderately long and slender, show none of the hop¬ 
ping specializations seen in the modern types. Apparently skull specializa¬ 
tion preceded trunk and limb specialization in anuran evolution. 

A second recent study appears to carry the frog story back to the Penn¬ 
sylvanian in time and back to the labyrinthodonts in phylogeny, Amphiba- 
thus and Miobatrachus (Figs. 119, 94), rare amphibians of very small size 
from the Pennsylvanian of Illinois, may well be early ancestors of the frogs. 



Fia. 119.—^Miobatrachus, a Pennsylvanian amphibian apparently ancestral to the frogs, about twice 
natural size. (From Watson.) 

The general structure of the body is in most respects similar to that of small 
labyrinthodonts. The vertebrae are, however, unusual. The neural arches 
have bases which extend far down over the area in which centra would nor¬ 
mally be expected; beneath them are small blocks, apparently representing 
reduced intercentra and (more doubtfully) pleurocentra. This modification 
from the labyrinthodont vertebral pattern is exactly that expected in an an¬ 
cestral frog. Confirmation is given to this suggestion of anuran ancestry in 
the structure of the skull. It is still adequately roofed, but there have already 
been lost most of the elements which are missing in modern frogs. The Anura, 
it would seem, are aberrant descendants of the labyrinthodonts, modestly 
successful today while their more spectacular relatives have long since be¬ 
come extinct. 

Ancient lepospondyis. —We have distinguished from the apsidospondy- 
lous type of vertebrae seen in labyrinthodonts and (in modified form) in 
atiurans, a lepospondylous type, in which arch-centra preformed in cartilage 
do not occur; instead, the centrum forms directly as a bony cylinder around 
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the notochord. Such vertebrae are found today in the salamanders and Ap- 
oda; in the late Paleozoic, lepospondyls were numerous and appear to belong 
to three ordinal types—Aistopoda, Nectridia, and Microsauria. The lepo¬ 
spondyls are known from rocks of early Mississippian age; all three orders 
flourished greatly in the coal swamps of the Pennsylvanian; a few forms only 
remained in the Lower Permian; and none of the ancient groups has been 
found in later periods. These lepospondyls were animals of modest size. Most 
were but a few inches long; the largest, a foot or two, at the most. 

The order Aistopoda includes but a small number of Carboniferous genera, 
such as Opkiderpeton (Fig. 120) and Dolichosovia, in which the limbs had 
been lost and an elongate snakelike body developed, sometimes with over 

one hundred vertebrae; there may be 
short forked ribs of unusujaLstructure. 
The skull construction is imperfectly 
known, but the pattern certainly dif¬ 
fered considerably from that of more 
normal groups. 

A more varied series of amphibians 
is that included in the Nectridia. Its 
members are characterized by the fact 
that the caudal vertebrae (Fig. 95, D) 
had expanded, fan-shaped neural and 
haemal spines which opposed one an¬ 
other symmetrically, so that it is often 
difficult at first glance to tell which is 
the top and which the bottom of the body. The nectridians diverged into two 
very distinct types in the Pennsylvanian. In such forms as little Sauropleura 
(Fig. 121) the body was very long, and, as in the aistopods, the limbs had 
been almost or entirely lost, while the skull was long and pointed. These 
eel-like types were locally very abundant in the Coal Measures swamps. 

A second group of nectridians were forms with small limbs and with gro¬ 
tesque “horned” skulls. Diplocaulus (Fig. 122) of the Lower Permian was 
the last and most highly specialized. The body in some cases was 2 feet or so 
in length. This late lepospondyl exhibits a series of degenerative changes 
paralleling those seen in the later labyrinthodonts. As in stereospondyls, 
there were a large parasphenoid and huge interpterygoid vacuities; two very 
distinct condyles were developed; the braincase was almost unossified; and 
the skull as a whole was very much flattened. The greatest specialization lay 
in the fact that the tabulars were, so to speak, pulled out backward and lat¬ 
erally to form the major part of huge hornlike extensions of the skull roof. 
The jaws, however, had not elongated and lay far forward on the under side 
of the skull; while the eyes also had retained their anterior position but 



120.— Ophiderpeion, a snakelike Penn- 
.sylvaniaii lepospondyl, estimated length about 
2i feet. (After Fritsch.) 
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looked directly up out of the flat skull roof. The limbs were quite small, and 
the clavicles and interclavicle expanded into huge flat plates. Obviously, 
this grotesque creature was a bottom dweller; the whole body may have been 
so broad and flat that a skatelike up-and-down undulation of the body was 
possible. 

Several related forms, morphologically ancestral to DiplocauluSy are found 
in the Pennsylvanian. In these the “horns"’ were not so long, the skull a bit 
higher, the interpterygoid vacuities not so large, the limbs not so dispropor¬ 
tionately small, and the body less flattened. In every way they suggest that 
here, as in other groups, descent can be traced back to a form with a struc¬ 
ture comparable (except in the vertebrae) with that found in early laby- 
rinthodonts. 



Fig. 121.— Saurnpleura, a snakelike Carboniferous nectridian. About Tj inches long. (After Steen.) 



Fig. 122.— Left, dorsal view of the skull of Diplocaulus, a “horned” Permian lepospondyl. About | 
natural size. (After W'illiston.) 

Fig. 128.— Right, Lysorophus, a Permian microsaur, possibly ancestral to the Apoda; about three 
times natural size. For abbreviations see Figure 96. (After Sollas.) 


A final group of ancient lepospondyls is that of the Microsauria. This 
term, “little reptiles,” is hardly appropriate; for, although some earlier 
writers considered them as reptile relatives, their afiSnities lie rather with the 
modern salamanders and Apoda. As with the other lepospondyls, the peak 
of development of microsaurs lay in the Pennsylvanian, and there were but 
a few early Permian survivors. Microsaurs generally retained a rather nor¬ 
mal type of body build, as seen in Microbrachis (Pig. 124). There are varia¬ 
tions in skull structure, but a basic type appears to be shown in such forms 
as Euryodus (Fig. 125) and Oymnarthrus, As may be observed, the elements 
present are for the most part comparable with those of labyrinthodonts. The 
temporal region at the side of the skull table appears to offer diagnostic fea- 
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tures. This area in labyrinthodonts we have seen to be occupied by a row of 
two or even three bones—^intertemporal, supratemporal, and tabular (cf. 
Fig. 96); in microsaurs, in the same area, we find only a single large element, 
provisionally identified with the supratemporal. 

Microsaurs varied considerably in structure; one of those most widely di¬ 
vergent from the primitive pattern was Lysorophus (Figs. 95, 123) of the 
Lower Permian, which appears to have dwelt in or about pools of water. This 
genus had paralleled aistopods and some nectridians in limb reduction; the 
size and proportions are much like those of a large angleworm. The skull is 
much modified. In contrast to almost all other Paleozoic amphibians, there 



Fig. 124. — Microhrachis, a late Pennsylvanian microsaur, about natural size. (From Steen.) 



Fio. 125.—^The skull of Euryodiis^ an early Permian microsaur, in dorsal and lateral views, about 
twice natural size. For abbreviations see Figure 96. (After Olson.) 


was no pineal opening; and the skull was no longer completely roofed, for 
most of the circumorbital bones were gone and the orbit was open below. The 
parasphenoid was large, as in most degenerate amphibian types, but the oc¬ 
cipital condyle had remained single. In the throat the branchial arches were 
large and ossified, suggesting that this form retained gill breathing through¬ 
out life—a feature probably true of many other lepospondyls. Forms appar¬ 
ently related to Lysorophus were already present in the Mississippian; these 
genera, however, still had a completely roofed skull comparable to that of 
other microsaurs. 

These varied lepospondyls were an important factor in the life of the Car¬ 
boniferous. The labyrinthodonts supplied the larger and more spectacular 
members of the amphibian fauna; the little lepospondyls, however, appear 
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to have been much more abundant in the coal-swamp pools. They are ob¬ 
viously a very ancient group, as suggested by the fact that there were already 
widely divergent types among them when they first appeared in the Missis- 
sippian. The very different vertebral structure indicates that they cannot have 
been derived from true labyrinthodonts and that the two groups must have 
become distinct at an early Devonian stage of amphibian evolution. It is not 
impossible that the ichthyostegids were close to the point of departure of the 
lepospondyls from the early labyrinthodonts. 

The Salamanders and Apoda. —The newts and salamanders included in 
the order Urodela possess, in common with the frogs, a long series of charac¬ 
ters, listed in an earlier section, which are indicative of a “phyletic drift’’ to¬ 
ward skeletal degeneracy. They differ markedly, however, from the anurans 
in many respects. The vertebrae are built essentially on the pattern seen in 
Paleozoic lepospondyls and contrast with those of anurans. In most sala¬ 
manders, limbs of normal build are present, although they are usually rather 
small. Externally the salamanders, with a long body and well-developed 
tail, resemble primitive amphibian types. Internally, however, the skeleton 
shows many modifications and regressions. The limb girdles are largely carti¬ 
laginous (there is only one ossification in the shoulder), and the dermal shoul¬ 
der girdle has disappeared completely. There is usually a well-developed 
branchial arch skeleton, for there is a general tendency in the group to per¬ 
sist in a water-living mode of life; and a number of types never leave the 
water, continuing to breathe with gills throughout life. 

There are a number of salamanders known from the Tertiary; it is of inter¬ 
est that one large Miocene form {Andrias) was, some hundreds of years ago, 
regarded as the skeleton of a poor human sinner drowned in the flood, “Ho¬ 
mo diluvii testis.” The oldest-known salamander is a Lower Cretaceous 
genus; there is no record at all of urodeles or possible ancestors in the Jurassic 
or Triassic. Their origin is thus not positively known. It seems certain, how¬ 
ever, that they are derived from some group of lepospondyls. The aistopods 
and nectridians are appaftently ruled out by too great specialization, but 
some of the more generalized microsaurs show a skull pattern from which 
that of urodeles may have been derived. 

The Apoda (or Gymnophiona) include a few genera of small, tropical, bur¬ 
rowing forms of very peculiar build. There are no limbs, and the general ap¬ 
pearance is that of a large earthworm. Alone among living forms the Apoda 
have retained scales, although these are small and buried in folds of skin. 
The skull is technically roofed, for there is a complete covering to the top and 
sides. But there has been a considerable loss of elements and much change in 
the shape and position of those remaining. The orbits are very small, for 
these forms are practically blind; and there are, instead, pits lodging tenta¬ 
cles which functionally take their place. This solidly built little head is quite 
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possibly derived from one in which much of the dermal covering had been 
lost; it seems likely that there has been a secondary fusion of the remaining 
elements, resulting in the formation of a more effective burrowing organ. 

There are no known fossil representatives of the group to help bridge the 
long time interval back to the Permian, when there existed lepospondyls 
from which (as indicated by vertebral structure) the Apoda might have 
arisen. Despite this, one may believe with fair confidence that the microsaur 
Lysorophus may represent the ancestors of the Apoda. Lysorophus was, 
like the modern forms, small and wormlike and, as we have seen, had a pe¬ 
culiarly modified skull which appears to agree in many characters with that 
of the Apoda. Lysorophus we believe to have been a water dweller; transi¬ 
tional habits are seen in one apodan genus which inhabits water-filled bur¬ 
rows along pond margins. 



CHAPTER 7 


PRIMITIVE REPTILES 


T here Ls no more interesting story in the fossil record than that of 
the rise and fall of the reptiles. Springing from the primitive amphibi¬ 
ans during the Carboniferous, they became the dominating group of 
vertebrates during the whole of the Mesozoic and gave rise to many curious 
and spectacular types. Now they are in decay; but it must not be forgotten 
that the birds and mammals which have triumphed over them are their de¬ 
scendants. 

^-^Class characteristics. —Reptiles have numerous f eatur e s which ser ve 
t o distinguish them from other tetrapods. Like tUe amphibians, but unli ke 
th e birds and mammals, they are cold-blooded, that is, there is no effecti ve 
^^^'m Sihanism for the regulation of body heat an d, in consequence, the activity 
^o f the animal varies with the temperature. Recause ot this, reptiles are ^ ar- 
yacteristically tropical forms and become increasingly rare as we proceed to- 
w ard the polar regions . 

T he most distinctive feature of the reptiles, as contrasted with amph ibi- 
ans, IS th e type of developmental history, for the egg can be laid on land. It 
is protected against drying and against mech anical injury by a series of 
membra nes and duids surrounding the developing embryo. Further protec¬ 
tion IS atforded b y a firm shell. This shell, however, is porous; and one of the 
membr^ngg Within acts as an embryonic lung, extracting oxygen from t he 
air, bmce tne yo ung reptiles must emerg e fully equipped for life on land, con ¬ 
siderable growth Is necessary; this is rendered possible be cause the egg is 
largfe &nd containslt good sup ply of nourishing yolk and albumen ^ 

l^e mitiation of this new mode of development was an epochal event in 
vertebrate history^Unly with the appearance of the amniote egg did a truly 
te ^strial existence b^me possible , ihe amphi bian is, from one point 'of 
vi ^, nothing but a rather aberrant "fish it may exist for a time on l and, 

but it is cbained to the water; it cannot stray far from that element and must 
pass Its early lif^ ^ M 4(^ilati<!^ fbrffl. The r6ptiler®>wever, can develop di¬ 
rectly into a terrestrial animal, and a much better opportunity is given for 
the perfection of a higher type ot organizat ion. T'his organization k iiPDarent 
in every part of the body—in skeleton, m muscle, in the circulatory system. 
Even in the brain the reptile is on a higher plane; for, while this structure is 
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still small compared with that of birds or mammals, it is, nevertheless, a 
much better organ than the amphibian brain; in its small cerebral hemi¬ 
spheres appear for the first time the rudiments of the higher mental centers 
which have become predominant in the brains of mammals. 

Reptiles living today can easily be distinguished from amphibians by 
means of soft parts; and among living types it is also feasible to distinguish 
between these classes by means of skeletal features. Reptiles, for example, 
have but one condyle on the skull, modern amphibians two; reptiles typi¬ 
cally have five toes in the man us, living amphibians four oi‘ less. The sa- 



Fio. l«fl Kio. 1*7 

FiQ8. 126, 127.— Litnnoncelu, a primitive reptile; skull in dorsal and lateral views; length about lOj 
inches. For abbreviations see Figure 96. (After VVilliston.) 



Fio. 128.—The skeleton of Limnoscelu; length about 6 feet. (From Williston.) 

crum in reptiles includtis at least two vertebrae, whereas there is but one 
in amphibians. 

But the fossil evidence obliterates these and other supposed differences. 
Primitive Paleozoic reptiles and some of the earliest amphibians were so 
similar in their skeletons that (as was seen in the case of Seymouria) it is al¬ 
most impossible to tell when we have crossed the boundary between the two 
classes. 

Structure of primitive reptilee. —^As an introduction to the study of 
the reptiles we may first consider the structure of such primitive types as 
[Amnoacelis (Figs. 126,127,128), Captorhinus (Fig. 129), and Labidosanrus 
(Fig. ISO) and then discuss briefly some of the many variations to be found 
in the reptilian orders. 
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These genera are from the Lower Permian of the American Southwest and 
are thus among the oldest reptiles of which we have any detailed knowledge. 
They are members of the order Cotylosauria. Limnoscelis was about 5 feet 
in length (including a long tail) and rather clumsy in build; the other genera 
were smaller and with less massive limbs. Limnoscelis appears to have been 
a carnivore of some sort; the others, in addition to exceptionally large teeth 
in the premaxilla, have an unusual condition in the presence of several rows 
of cheek teeth, which indicate some peculiarity in their diet (hard-shelled 
invertebrates?). Linmoscelis appears to be a very primitive reptile, but the 



Fig. 129.— Captorhinmi, a colylosaur. /I, l)or.«(at; ventral; (\ lateral; A>, occipital views of skull. 
J^ength of original about 22 inclie.s. For abbreviations see Figure 96. (Data from Price.) 


skull structure is incompletely known; Captorhmus and Labidosaurus are 
somewhat more advanced. 

The skull in these reptiles, as in this class in general, has remained rather 
high and narrow, in contrast to the flattening prevalent among almost all 
amphibians. Much of the skull pattern seen in primitive amphibians is re¬ 
peated in primitive reptiles, but there are noteworthy differences and evolu¬ 
tionary advances. One prominent change is the elimination of the character¬ 
istic otic notch of amphibians. In most reptiles the eardrum has moved back¬ 
ward and downward to a position on the side of the head above the jaw ar¬ 
ticulation. In many groups, including some cotylosaurs (cf. Fig. 1S4) this 
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position is marked by a new type of otic notch—a concavity in the posterior 
margin of the bones covering the cheek; in the forms here discussed this is 
not developed. In Limnoscelis an anteroposterior ridge is found at the edge 
of the skull table, marking the place where the edges of the former notch 
have joined; in Captorhinus this has been obliterated. The elimination of the 
otic notch is mechanically advantageous, giving to the region of the jaw ar¬ 
ticulation vertical support and suspension from the skull-roof and braincase 
region. 

The bony pattern of the skull table has somewhat altered in primitive rep¬ 
tiles. We have noted previously the gradual reduction of the postparietals 
from the crossopterygian condition in which they extend perhaps a third the 
length of the skull (Fig. 62) to their relatively modest size in most labyrin- 
thodonts. In early reptiles they are still further limited in extent, and in 
later types they will be seen to disappear completely or to abandon the roof 
for a position on the occipital surface. The tabulars have undergone a similar 



Ficj. L‘50.— Labnlomuru.'f, a Lower Permian colylosaiir; original about 20 inches long. (From \^'illis- 
lon.) 


reduction. In amphibians the skull table was bordered laterally by a supra- 
temporal and frequently an intertemporal as well. The latter has never been 
observed in reptiles; the former is present as a small structure in a number 
of reptiles (Figs. 127, 134, 148, 220) but has generally disappeared. 

Apart from the skull-table and otic-notch regions, the roofing bones of 
early reptiles are very similar to those of the more generalized labyrintho- 
donts. The pineal opening is generally present, and the lacrimal bone ex¬ 
tends the full distance from orbit to naris. 

The palate is readily comparable with that of labyrinthodonts. Capio- 
rkinus is specialized in its maxillary dentition, but normally there is a single 
row of marginal teeth. There are slender vomers separating the choanae, 
palatines, and small ectopterygoids. The prominent pterygoid (above which 
lies a rodlike epipterygoid) articulates movably with a basal process of the 
braincase. Narrow interpterygoid vacuities separate the pterygoids from one 
another and from a slender parasphenoid lying beneath the front end of the 
braincase. There is a large vertically placed quadrate. Two features, how¬ 
ever, differ from those of amphibians. The old system of palatal fangs with 
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accompanying pits is not repeated here, although the palatal bones are fre¬ 
quently tooth-bearing; and the pterygoid bears a prominent transverse 
flange, often tipped by a row of teeth. This type of palate is present today 
relatively unchanged in Sphenodon (Fig. 166) and many lizards. 

The braincase is relatively high and narrow, in contrast with the flat con¬ 
dition developed in most amphibians. It is well ossified, containing the same 
elements found in primitive amphibians. Posteriorly, a series of occipital and 
otic bones form well-developed walls for the brain cavity, and anteriorly 
there is a sphenethmoid element. Midway of the length of the braincase, 
above the region of the palatal articulation, there is, however, a large unossi¬ 
fied gap in the lateral walls. There is here, as in all typical reptiles, a single 
occipital condyle. With the closure of the otic notch, stout “paroccipital” 
processes of the opisthotic bones run laterally to brace the region of the jaw 
joint. The large openings left above these processes may remain open (as in 
Captorhinus) or may be covered by flanges descending from the skull roof. 
There is typically a large stapes running laterally from the ear capsule to the 
region behind the quadrate, where the eardrum was situated. 

The lower jaw is generally comparable to that of amphibians, but the 
number of elements is reduced. There is but a single splenial and one coro- 
noid (rarely two). 

yThe vertebrae of cotylosaurs are almost identical in structure with those 
of the Seymouria group (Fig. 94), strongly suggesting their relationship. The 
centrum, a stout cylindrical structure pierced for the notochord, is the ele¬ 
ment frequently termed pleurocentrum in amphibians; the intercentrum is 
present as a crescent of modest size. A diagnostic feature of cotylosaurs (but 
one found in a few other early reptiles and in Seymouria as well) is the fact 
that the zygapophyses are placed far apart laterally and the supporting 
neural arches have a pronounced swollen appearance, with a convex outline 
when seen in end-view. There is still little regional differentiation, for ribs 
may be present throughout the trunk and the base of the tail. The anterior 
ribs are double-headed, the capitulum attaching to the intercentrum, the 
tubercle to the transverse process; more posteriorly the two heads tend to 
fuse, the capitular attachment transferring upward onto the centrum near 
the base of the neural arch. 

The limbs are of the short, stubby type found in many primitive amphibi¬ 
ans, with the proximal elements projecting at right angles to the body. The 
massive shoulder girdle is close behind the head, there being almost no neck. 
It is very similar in many respects to that of such an amphibian as Eryops, 
However, in reptiles the ventral part of the primary girdle (Fig. 131, A) is 
(in contrast with almost every amphibian group) a separate coracoid ele¬ 
ment, and the interclavicle has a long posterior stem for the attachment of 
powerful breast muscles; such a stem was present in seymouriamorphs but 



1S8 


•VERTEBRATE PALEONTOLOGY 


not in other amphibians. In most primitive reptiles the cleithrum is present, 
although reduced. The pelvic girdle in primitive reptiles (Fig. 131, C) con¬ 
sists of the usual three elements; but the ilium is larger and more expanded 
than in amphibians, a feature presumably related to greater walking powers 
and increased musculature. 

The limb bones are in many respects similar to those of a well-developed 
ancient amphibian such as Eryopa, Most early reptiles possess an entepicon- 
dylar foramen, an opening for nerve and blood vessels on the back (or inner) 
side of the humerus near the distal end. Such a structure is found in a few 
primitive or reptile-like amphibians but is generally absent in that class. In 
primitive reptiles the carpals (Fig. 226) are, for the most part, comparable 
to those of early amphibians; however, there are never more than two cen¬ 
tral elements of the original four. In the tarsals (Fig. 227) the centralia are 
similarly reduced. Here, however, another and more important change in 




Fig. 131.— Ay Shoulder girdle of the cotylosaur Diadcctea; By right humerus of Diadccies; 0, pelvis of 
Diadectes; Dy shoulder girdle of the cotylosaur Lahidosaurus. Abbreviations, Ay D: c, true coracoid; cly 
clavicle; cUiy cleithrum; gly glenoid cavity (for head of humerus); icl, interclavicle; pc, precoracoid (an¬ 
terior coracoid); s, scapula. B: dy articular surface for ulna; ecty ent, processes (ectepicondylar, entepicon- 
dylar) above the distal articular surfaces for muscles running to the leg; eiUfy entepicondylar foramen 
(common in primitive reptiles); A, head of humerus. C: a, acetabulum for head of femur; t7, ilium; is, 
ischium; ohty obturator foramen piercing pubis; p, pubis. 


foot structure has occurred. The inner proximal element—the tibiale—has 
been eliminated, and the tibia now articulates with the inner margin of the 
intermedium (the mammalian astragalus). This permits the foot to swing 
more readily into a forward position and gives a very free movement between 
shank and foot. There are primitively five toes in both front and hind feet 
and a phalangeal formula of 2~3-4-5~8(4). Only in seymouriamorphs have 
we seen among amphibians a five-toed manus or as high a phalangeal formula. 

From such primitive structural types as these early cotylosaurs there have 
been enormous variations among later orders of reptiles. The development 
of bipeds from quadrupeds and the evolution of flying forms and of many 
marine types have caused many startling changes in the general body organ¬ 
ization. We shall here outline some of the main trends. 
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The reptile skull. —^The skull in reptiles has tended in general to be¬ 
come progressively higher and narrower in shape, in contrast with the flat¬ 
tening found among amphibians. Many of the dermal roofing elements may 
disappear. The supratemporal and, later, the tabulars and postparietals 
tend to become reduced and lost. The pineal may be absent, and there may 
be considerable variation in the bones about the orbits. 

Especially to be noted is an interesting series of variations in the cheek 
region of the skull. The temporal muscles closing the jaws have their attach¬ 
ment under the bones covering this region. It appears that when a muscle 
arises from a broad plate of bone, its action is facilitated if an opening (fenes¬ 
tra) develops through which the muscle may bulge when contracted. In cor¬ 
relation with this we find that in most later reptiles the cheek is fenestrated, 
that is, openings appear between various bones. These fenestrae vary con¬ 
siderably, apparently being related to different developments of the tempo- 



Fio. 1.S2.—Diagrammatic side views of reptilian skulls to show various types of temporal opening. A, 
No opening—**anapsid’' condition; a, a lower opening with postorbital and squamosal meeting above— 
*'synapsid’* condition; 0, an upper opening with postorbital and squamosal meeting below—*‘parap8id*’ 
condition; Z), both openings present—“diap.sid” condition. Abbreviations: j. Jugal; pa, parietal; po, 
postorbital; sq, squamosal. 


ral muscles (Fig. 132). Frequently there is but one opening. In some cases 
this is high up on the skull and bounded below by the squamosal and postor¬ 
bital; in others (mammal-like forms) it is low on the side, and these two 
bones are in contact above it. These two types of opening are termed the up¬ 
per (superior) and lateral temporal vacuities. In a large number of types 
(the crocodiles and dinosaurs, for example) both openings may be present, 
with the postorbital and squamosal meeting between the two. 

There are many variations in the palate. In some types the palatal bones 
may fuse into a nearly solid plate. In several groups the internal nostrils may 
be shifted back from their original anterior position by the construction of a 
shelf— a. secondary palate—in the roof of the mouth. 

Axial skelatofi.—In the backbone there is a universal tendency for the 
reduction of the intercentra. Even in most Permian forms they are merely 
small ventral crescents, and they usually disappear completely in Mesozoic 
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types. The true centra tend to lengthen. They are primitively hollow at both 
ends (amphicoelous), but the opening for the notochord usually disappears; 
the ends may be flush across (platycoelous), while in many cases articula¬ 
tions are developed between successive centra, one end being hollowed, the 
other swelling out to fit into this socket. Various terms have been devised to 
describe this and other conditions. If, for example, a vertebra is concave in 
front and convex behind, it may be termed precocious; the opposite condi¬ 
tion is opisthocoelous. 

The ribs vary greatly in structure (cf. Figs. 146, 175, 215). The attach¬ 
ments of the two heads may shift, or a single-headed condition, with attach¬ 
ment either to centrum or to neural arch, may result. With the development 
of a true neck in most reptiles, the ribs in this region may shorten or even 
disappear, and a well-marked cervical region be formed. The number of sa¬ 
cral ribs tends to increase in large forms and particularly in bipedal types. 

In addition to the ventral continuation of the ordinary ribs, reptiles often 
have independent structures called “abdominal ribs”—dermal, bony, splint¬ 
like elements, ranged along the belly in V-shaped rows. These structures are 
seemingly the last remnants of the old fish scales which were developed in 
amphibians in a similar position on the under side of the body. While reptiles 
are scaled (in contrast with living amphibians), the scales are really horny 
scutes (although plates of bone often develop beneath them) and are not 
homologous with fish scales. 

Limbs. —There is, of course, much variation in the limb structure. In the 
shoulder girdle the cleithrum tends to disappear very early in reptile history 
(it is found in but a few Triassic forms and in none today), and the other 
dermal elements may be lost as well. In most reptiles a scapula and a single 
coracoid constitute the elements of the primary girdle; but in one major 
group (mammal-like reptiles) a second, posterior, coracoid element is added 
(Fig. 222). The peculiar screw-shaped glenoid of primitive types disappears 
by the close of Permian times. There is never any change in the number of 
pelvic bones, but in many cases a fenestration of the ventral plate occurs in 
relation to the origin of a large limb muscle, a development comparable to 
the fenestration seen in the skull (cf. Figs. 138, C; 158, 223, B, C). 

The limb bones in general tend to become much slimmer than in primitive 
forms, and many variations in structure occur in relation to varied locomotor 
needs. In the humerus the entepicondylar foramen characteristic of primi¬ 
tive reptiles usually disappears, but there often develops an ectepicondylar 
foramen on the outer side of the distal end of the bone (Fig. 224, B, C). Re¬ 
duction takes place in carpus and tarsus (cf. Figs. 226, A; 227, A; etc.). 
There is usually but a single centrale, and the outer distal element usually 
disappears in both carpus and tarsus. The number of joints in the toes is, in 
general, remarkably uniform. The outer toe, especially in the hind foot, 
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tends to be set oflF at an angle and may disappear. In bipeds among the dino¬ 
saurs there are strong tendencies for reduction in number of toes, and the 
limbs may, of course, be strongly modified to form fins or paddles, 
yfteptile radiation (Fig. 133).—The earliest remains of reptiles are found 
in the Pennsylvanian. Known specimens from that period are few; but, since 
practically all our knowledge of Carboniferous fossils is gained from coal- 
swamp deposits, we know nothing of the life of higher and dryer regions 
where reptiles might well have already been numerous. Dating from the end 
of the Pennsylvanian and the beginning of Permian times are deposits (red 
beds) of a more terrestrial type in which are found abundant reptiles, includ- 



Fig. ISS.—The phylogeny of reptiles. (The archosaurs are shown separately in Fig. 178.) 


ing not only primitive cotylosaurs but also more advanced type^. Amphibi¬ 
ans were still numerous at that time; but long before the close of the Permian 
they had been pushed into the background, and the radiation of the reptiles 
was under way. Almost every known reptilian group made its appearance 
before the end of the Triassic. In the Jurassic and Cretaceous these groups 
increased in size, in abundance, and in diversity. Toward the close of the 
Cretaceous, however, the great reptilian orders waned; and the beginning of 
the Cenozoie is marked by the end of the reptilian dynasties and the radia¬ 
tion of the mammals. Only a few reptilian groups have survived—the lizards 
and snakes, the turtles, the crocodiles, and the rhynchocephalian Sphenodon, 
These varied reptilian types have been arranged in from fifteen to twenty 
or more orders by different authors; It is probable that they did not all spring 
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directly and independently from the base of the reptile stem, and various 
workers have attempted to assemble larger groups of presumably common 
parentage as subclasses or superorders. It is difficult to select a proper basis 
for such classification; the most obvious differences between groups lie in the 
varied construction of the limbs and other superficial features which are 
(Sosely related to environmental adaptations and are hence untrustworthy 
(seagoing reptiles, for example, are all likely to develop paddle-like legs, but 
this means merely convergent adaptation and not real relationship). It was 
early suggested that the nature of the temporal openings was a better criteri¬ 
on, and attempts to work out reptilian phylogenies have been based mainly 
on this feature. It was once thought that all reptiles originally had two tem¬ 
poral openings, and hence forms with two openings (or two bars across the 
temple, which amounts to the same thing) were termed “diapsid” (two- 
arched) ; and forms with one opening (in which it was presumed that the two 
openings had fused into one), “synapsid’’ (fused-arched) reptiles. But it soon 
became obvious that this division was inadequate. Truly primitive forms 
must have possessed a completely roofed skull like that of their amphibian 
ancestors, and for this condition the term *‘anapsid’^ was coined. Further, 
the single opening found in a number of groups is obviously not homologous 
throughout, being sometimes a superior, sometimes a lateral, one; and tem¬ 
poral fenestrae may shift in position or become secondarily closed. These 
structures may be used for purposes of classification—but must be used, like 
any other single character, with caution. 

Cotylosaurs. —The primitive reptiles described above belong to the or¬ 
der Cotylosauria, the basal stock from which it is believed the other reptilian 
orders have arisen—a group appropriately termed the “stem reptiles.*’ Cer¬ 
tain incomplete reptilian remains from the typical Pennsylvanian presum¬ 
ably pertain to cotylosaurs. At the very end of that period and the lower 
part of the Permian they had become common and diversified. But other 
reptilian groups had already evolved from them, and, from that time on, the 
cotylosaurs began steadily to lose in importance. Comparatively few were 
left in the later Permian, and in the late Triassic the group became entirely 
extinct. 

As is the case with primitive ancestors of any group, a “stem reptile” is 
difficult to define; cotylosaurs are distinguishable mainly by the presence of 
primitive and comparatively unspecialized features—^the lack of the peculi¬ 
arities found in derived groupfs. The one certain criterion is the fact that the 
roof of the skull is not pierced by fenestrae in the temporal region. This is the 
anapsid condition, and the stem reptiles may be placed in a subclass Anap- 
sida, in which the turtles are perhaps to be included as well. 

The cotylosaur limbs are usually short and stubby, the feet generally little 
modified. The dermal should^ girdle is complete, and the ddlihrum often of 
considerable size. There are usually two sacral ribs. Previously noted were 
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the swollen neural arches which aid in distinguishing cotylosaurs from nearly 
all other reptile types. 

The Seymouria group, here considered as reptile-like amphibians rather 
than as true reptiles, are often included in the cotylosaurs. Apart from these 
forms, the known cotylosaurs can be copveniently grouped into two sub¬ 
orders—Captorhinomorpha and Diadectomorpha. * 

Captorhinomorphs. —The cotylosaurs so far mentioned are all members 
of the captorhinomorph group; Captorhinus (Fig. 129) and Labidosaurus 
(Fig. 130) are the best-known members, but they are rather advanced in 
structure and with a specialized dentition; Limnoscelis (Figs. 126, 128) is 
much more primitive in general organization. These genera are of early Per¬ 
mian age and are too late in time to be truly ancestral reptiles, for members 
of other reptile orders were already in existence. It appears likely, however, 
that the history of captorhinomorphs extends well back into the Carbonif¬ 
erous. Solenodonsaurus, an incompletely known reptile from the Upper 
Pennsylvanian of Europe, is probably an early captorhinomorph, and there 
are other fragmentary specimens of this age. This subordinal group may lie 
close to the stem of the reptiles, if, indeed, the stem reptile itself was not a 
member of it. But captorhinomorphs themselves were destined to early ex¬ 
tinction, for none is present beyond the Lower (or possibly Middle) Per¬ 
mian. 

Diadectomorphs. —We have noted that with the disappearance of the 
amphibian type of otic notch, the eardrum has generally shifted to a posi¬ 
tion above the jaw articulation. Here it lies just behind the posterior edge 
of the cheek region of the skull. In some cases (as in captorhinomorphs) this 
position of the drum has no influence on skull contours; in others we find its 
position marked by a curved excavation—a new type of otic notch—in the 
posterior margin of the cheek region. This condition is, among cotylosaurus, 
diagnostic of the Diadectomorpha. 

Diadectes (Fig. 134) is the type of the diadectomorphs; this genus and its 
close relatives were common animals in the latest Pennsylvanian and early 
Permian of North America and Europe. The diadectids were, in general, 
large animals for their day, with a length of 5 feet or more, llie postcranial 
skeleton was heavily built and rather similar to that of Limnoscelis or even 
Seymouria. The skull appears to have been highly modified, although show¬ 
ing a number of primitive features. It is short and massive with little elonga¬ 
tion of the face. Tabulars and postparietals appear to have been, for a rep¬ 
tile, rather well developed, and there appears to be a prominent supratem- 
poral. The teeth, confined to the jaw margins, are peculiarly modified. The 
front teeth are chisel-like cropping structures, the cheek teeth a battery of 
transversely widened grinders with several cusps. Posteriorly the cheek is 
deeply excavated for jthe eardrum; the powerful quadrate, binding jaw to 
braincase, is exposed in the borders of this notch. 
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A more advanced type, which appears to be closely related to the diadec- 
tids, although not directly descended from them, is that of the pareiasaurs 
of the Middle and Upper Permian of Europe and Africa (Fig. 136). These 
were the largest of cotylosaurs, ranging up to 10 feet or so in length. With 
increase in size, the problem of weight support becomes a serious one. It 
would have been physically impossible for such a large animal to have walked 
with its limbs spread out at the sides, and in this connection we find that in 
pareiasaurs the limbs had rotated in toward the body and bore the weight 
more vertically. This change in pose was accompanied by changes in the 
limb bones similar to those which we shall see in the reptilian ancestors of 
mammals. While the feet of most cotylosaurs were of a very primitive char¬ 
acter, those of the pareiasaurs tended to be considerably modified; the fifth 
toe, for example, tended to be reduced or lost in many cases. 

The skull was very large and grotesque, often with warty or hornlike pro¬ 
tuberances. The teeth along the margins of the mouth were serrated and 



Fia. 134 Fio. 135 

Fig. 134. — Diad^cUs, an early Permian colylosaur, skull length about 8 inches. (After Williston.) 

Fig. 135. —Procolophon of the Lower Triassic of South Africa, skull length about 2 inches. For abbrevi¬ 
ations see Figure 96 (After Watson.) 

leaf-shaped, and there were rows of small teeth on the palate. No excavation 
for the eardrum comparable to that of Diadectes appears to be present. In 
reality, however, it is well developed but covered superficially by a great ex¬ 
pansion of the cheek plate, so that this notch faced backward rather than later¬ 
ally. These forms were obviously noncarnivorous, slow, and harmless reptiles, 
and for defense there were usually plates of bone studded along the back. 

Numerous remains of pareiasaurs, such as Bradysaurus^ have been found 
in the Middle Permian beds of South Africa, the skeletons often complete 
and right side up in the position in which they presumably became mired in 
their native swamps. In later Permian times they became rarer in South 
Africa but had spread to Europe, where skulls and skeletons have been found 
in Russia and Scotland. 

A final group of diadectomorphs, and the last survivors of all the cotylo- 
saurs» was that including Procolophon (Fig. 135) and its allies of the Triassic. 
These were small reptiles, usually a foot or two in length, rather slim-limbed 
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and (much as in Diadectes) with transversely expanded cheek teeth. The 
otic notch was exceedingly well developed. Smaller and swifter than the 
pareiasaurs, they lacked armor for protection against carnivores. In some 
early Triassic strata they are comparatively abundant, but by the close of 
the period these last stragglers of the cotylosaurs had vanished. 

The feeding habits of the diadectomorphs have been a matter of discus¬ 
sion. Obviously they were not carnivores. A mollusk diet has been suggested 
in the case of Diadectes, but the teeth show a type of wear suggesting chew¬ 
ing rather than shell-crushing functions, and the relatively feeble teeth of 
the other members of the group are not adapted to this type of food materi¬ 
al. Herbivorous habits appear much more likely. There is no reason to be¬ 
lieve that any of the early amphibians were plant feeders—apart from larvae 
and possibly some of the smaller lepospondyls—and the diadectomorphs 



Fig. 136. —The skeleton of the Middle Permian pareiasaiir Bradyaatirus; length about 8 feet. (After 
Broom.) 


may have been the first to appear of many successive groups of herbivores 
developed among land vertebrates. 

It is possible that the diadectomorphs are close to the ancestry of some of 
the later orders—^particularly those groups in which this new type of notch 
for eardrum support was highly developed. Proof, however, is lacking, for 
all known diadectomorphs are already highly specialized when we first know 
them. 

Most of the varied cotylosaurs discussed above did not lead to later rep¬ 
tilian types. They appear to represent merely part of an archaic radiation of 
the reptiles into various modes of life at a very early date, soon after they 
had shaken off the encumbrances of the old amphibian mode of develop¬ 
ment. They are very important members of the Permian fauna; for, together 
with mammal-like forms, they constituted an overwhelming majority of Per¬ 
mian reptile types. But their importance waned rapidly, and they soon gave 
place to members of a second wave of reptilian radiation which included the 
orders which were to dominate the Mesozoic. 
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VARIED REPTILIAN TYPES 

T he gi eater proportion of the Mesozoic and l^’ertiary reptiles belong 
to large and important orders which can be assembled more or less 
satisfactorily into major subclasses of advanced reptiles—Synapto- 
sauria, Lepidosauria, Archosauria, and Synapsida. There remain, however, 
several orders which occupy isolated positions and seem to represent inde¬ 
pendent stocks rising directly from the ancestral cotylosaurs. Of such a na¬ 
ture are the turtles, mesosaurs, and ichthyosaurs, which are treated in the 
present chapter. 

Chelonians. —The turtles, forming the order Chelonia, may technically 
be included as members of the Anapsida, since it is probable that the skull 
roof, although often emarginated and incomplete, has never developed true 
temporal openings. In almost every other respect, however, the turtles have 
departed widely from the structural pattern of their cotylosaur ancestors. 

The chelonians are the most bizarre, and yet in many respects the most 
conservative, of reptilian groups. Because they are still living, turtles are 
commonplace objects to us; werei they entirely extinct, their shells—the most 
remarkable defensive armor ever assumed by a tetrapod—would be a cause 
for wonder. From the Triassic the turtles have come down to present times 
practically unchanged; they have survived all the vicissitudes which have 
swamped most of the reptilian groups and are in as flourishing a condition 
today as at any time in the past. 

y/HthB turtle shell (Fig. 137).—The armor plate of the ordinary mod- 
<^^rn turtle is composed of two materials—thorny scutes representing the ordi¬ 
nary reptilian scales on the surface and bony plates underneath. The arrange¬ 
ment of the outlines of scutes and bones does not coincide; in general, there is 
an alternating arrangement, which gives greater strength to the combined 
structure. The scutes are not, of course, preserved in fossils, although the 
outlines are often indicated by grooves in the bones which lay beneath them. 

The bony shell is divisible into a dorsal carapace and a ventral plastron, 
connected by a bridge at the sides. At the center of the carapace is a row of 
eight bony neural plates fused to the neural arches of the vertebrae beneath. 
Lateral to them on either side is a row of longer plates, also eight in number; 
these are fused to the eight underlying ribs and are hence known as costals. 
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Circling the edge of the carapace is a ring of small elements—the marginals. 
In addition, there may be in the central row an extra nuchal element in front 
of the neurals and a few pygals behind them. 

A much smaller number of bony elements is present in the ventral shield— 
the plastron. Near the front is a median plate—^the entoplastron. The other 
elements, which are paired, consist (from front to back) of epiplastra, hyo- 
plastra, in some primitive types one or two pairs of mesoplastra, then hypo- 
plastra and xiphiplastra. 

The shell is widely open in front for the withdrawal of the head and front 
legs; behind, for the hind legs and the stubby tail. 



Fig. 137 .—Testudo ammorif a giant tortoise from the early Tertiary of Egypt. Carapace (upper left) 
plastron (upper right), and lateral view, to show shell structure of chelonians. Sutures in solid line; outline 
of overlying horny scutes in dashed lines. Carapace, bony elements: c, costal plates; vi, marginal plates; 
n, neural plates; nw, nuchal; p, pygal. Plastron: sn, entoplastron; ep, epiplastra; hy, hyoplastra; hyp, 
hypoplastra; ar, xiphiplastra. Original about 39 inches long. (After Andrews.) 

It would seem that the carapace, at least, has arisen through the develop¬ 
ment of new plates of dermal bone. Such plates are developed in mai^r croc¬ 
odiles and some lizards, as well as in other groups now extinct. The turtles 
differ from them in the consolidation of the plates into a complete, compact 
covering. As regards the plastron, however, it may be that no new elements 
were needed. The old fish scales had been retained in many primitive reptiles 
as the so-called “abdominal ribs.” It is possible that the turtle plastron for 
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the most part arose by an enlargement and consolidation of these elements. 
With regard to the front of the plastron, it is interesting to note that the 
paired epiplastra articulate internally with the scapula, as do the clavicles of 
ordinary reptiles, while between them the single entoplastron lies in the posi¬ 
tion of an interclavicle, l^he anterior elements of the shield thus appear to 
represent the old dermal shoulder girdle. 

Body skeleton. —The backbone is, of course, much modified in connec¬ 
tion with the development of the shell. The tail is short and easily tucked 
away. There are two sacral vertebrae and only ten trunk vertebrae in front 
of it, all except the first immovably attached to the median plates of the 
shell. This represents a great shortening of the body from primitive condi¬ 
tions; probably nearly a dozen vertebrae have dropped out. There are eight 
ribs, fused to the under side of the costal plates; this fusion and that of the 
neural arches with the median elements effectively brace the shell. There are 




Fig. 138.—Limb girdles in chelonians. A, Shoulder girdle of the primitive Triassochelys. I'he girdle is 
still close to the primitive reptilian type; a cleithrum is present; the dermal elements forming part of the 
plastron are shown. By Shoulder girdle of Toxochelys (Cretaceous). C! Pelvic girdle of the Oligocene 
Testudo laticunea. For abbreviations see Figure 131. (A after Jaekel; By C after Hay.) 

eight cervicals in the neck; in modern forms, in which the head is withdrawn 
into the shell, these have very complicated articular arrangements. 

Limbs. —The limbs and girdles are of rather peculiar construction, as 
might be expected from the requirements of a shell-inclosed life. The limbs 
spread out at the sides, giving a broad trackway and a short stride, much as 
was the case in the cotylosaurs; and it is not improbable that this old- 
fashioned method of walking was present in the group when the shell first ap¬ 
peared and has become permanently fixed. In detail, however, the limbs are 
far from primitive. 

In the shoulder girdle the dermal bones have been taken over into the 
plastron. The primary girdle (Fig. 138, B) is a triradiate structure with the 
glenoid cavity at the union of the branches; the scapula includes a slim as¬ 
cending blade and a long projection which goes down to touch the clavicles 
(the epiplastra); while the third prong is a single coracoid. In the pelvic gir¬ 
dle (Fig. 138, C) much of the ventral region, instead of being a solid plate of 
bone, is occupied by a large opening or fenestra which has separated the 
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pubis and ischium almost completely from each other. The feet are quite spe¬ 
cialized; notable is a tendency (rather unusual among reptiles) for a general 
reduction of the number of phalanges in the toes, so that there is never a 
higher phalangeal formula than 2-3-3-3-3. 

Skull (Fig. 139).—The skull is also highly specialized in a number of ways. 
Modern turtles entirely lack teeth, their function being taken over by a 
horny beak which sheaths the edges of the jaws. The palatal bones have 
fused and united so as to give a solid structure quite different from that of 
primitive reptiles. At the side, the prootic and opisthotic bones of the ear 
capsule have fused broadly with the quadrate and squamosal, so that the re- 



Fig. 139.—^I'he skull in chelonians. Dorsal; 5, lateral; and 0, ventral, views of the skull of Trionyx 
tritor^ an Eocene trionychid turtle, jaw restored from a related species; skull length about 6 inches. Z>, 
Lateral view of Archelon, a Cretaceous marine turtle, skull length about 2^ feet, p/r, Prefrontal. For other 
abbreviations see Figure 96. {A~C after Hay; D after Wieland.) 

gion of the jaw articulation is solidly bound into the braincase. The pineal 
eye no longer pierces the roof of the skull, and the two external nostrils have 
a common bony opening. A number of elements are lost, including the post- 
parietals, the tabulars, the supratemporals and intertemporals, and the post- 
frontals; a single element, generally interpreted as a prefrontal, in modern 
turtles fills the area originally occupied by that element and by the nasal and 
lacrimal as well. The cheek is rather puzzling in many respects. In many 
forms most of this region is bare of dermal bones. The hole so formed is not 
a true temporal opening, for it has no back rim of superficial dermal bone. 
Seemingly, there has been merely an eating-away of the skull roof from the 
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back. From this point of view the turtles are technically anapsid and to be 
associated with the cotylosaurs. It has been argued that this hole was once 
a true temporal opening and that its posterior margin later disappeared; but 
some living turtles have a solidly roofed skull, and so did the oldest-known 
fossils. 

Primitive turtles. —The previous description has been based on the 
more normal turtles. The oldest forms are found in Triassic deposits; and 
here in such a form as Triassochelys we meet with types which were in some 
respects more primitive. 

All the shell elements of later turtles were already present, and their ar¬ 
rangement was essentially that of later forms. In addition, several pairs of 
mesoplastra—intermediate plastral elements not found in the modern tur¬ 
tles of northern continents—were present. It is probable that the limbs could 
not be withdrawn, but some protection was afforded them by a series of 



Fio. 140.—^The skull of Triassochelys^ a primitive Triassic turtle still retaining teeth; lateral and 
ventral views. Length of original about 6\ inches. For abbreviations see Figure 96. (After Jacket) 


scutes projecting beyond the normal marginal region. Head and tail, as well, 
were not capable of being retracted and were covered with spines. The limb 
girdles were rather primitive, particularly the shoulder girdle (Fig. 138, A), 
The clavicles and interclavicle were already incorporated into the plastron 
but show their original character clearly, and there was possibly even a small 
cleithrum. In most of these primitive forms the pelvis was fused to both cara¬ 
pace and plastron. In the skull (Fig. 140) nasals, lacrimals, and prefrontals 
are present and distinct; the temporal region was completely roofed, while 
the most striking feature of all is that, although a horny beak was appai*ent- 
ly already developed, there were still tiny teeth on the palate. 

These Triassic forms were primitive representatives of the oldest group of 
turtles, the suborder Amphichelydia, which included the dominant forms in 
the Mesozoic. There were a number of families, which differed in many re¬ 
spects. Teeth were unknown except in Triossochelys; the later forms were 
more modern in certain aspects, and some appear to be transitional to the 
later pleurodires and cryptodires, while retaining a number of archaic fea- 
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tures. One or two amphichelydians lingered in the Eocene of North America, 
Apart from this, the only late survivors of the group appear to be some large 
forms in the Southern Hemisphere, with peculiarly horned skulls, of which 
Meiolania of the Australian Pleistocene is the last representative; the re¬ 
mains are incomplete, but some idea of its size may be gathered from the fact 
that the skull was 2 feet broad. 

Pleurodires. —Most direct descendants of these archaic chelonians are 
the members of the suborder Pleurodira, the “side-neck’’ turtles. The dis¬ 
tinguishing feature of the Mesozoic types included in the previous suborder 
was the impossibility (as shown by the structure of the neck vertebrae) of 
drawing the head into the shelter of the shell. This has been accomplished in 
the pleurodires; but, in contrast with most living turtles, the head is with¬ 
drawn by a sideways bending of the neck. Nasals and lacrimals are lost, as in 
cryptodires, but in contrast is the fusion of the pelvic girdle to the shell. A 
number of primitive features still persist, such as the presence of mesoplastra 
in many forms. The oldest forms surely assignable to the pleurodires are 
from the Upper Cretaceous. Some pleurodires were then present in the North¬ 
ern Hemisphere, and a few remained in Eurasia and North America well into 
the Tertiary. Today they are confined to the three southern continents, as an 
example, repeated in many other groups, of the late survival in the tropics of 
archaic types. 

Cryptodires. —^More progressive and successful has been the suborder 
Cryptodira, in whose members the head is withdrawn straight back into the 
shell by means of an S-shaped curvature of the neck vertebrae. Mesoplastra 
are never present, nor is the pelvis ever attached to the shell. Types inter¬ 
mediate between the amphichelydians and the cryptodires appeared in the 
Jurassic; in the early Cretaceous typical cryptodires appeared and have since 
become the dominant types in northern areas and have invaded the seas as 
well. 

The generalized stock of the cryptodires seems to lie among the marsh 
turtles and terrapins of the families Dermatemydidae and Emydidae. These 
are amphibious forms, moderately flattened as to body and with a complete, 
well-ossified carapace and plastron. Turtles of this sort appeared in the Lower 
Cretaceous and are common in many Tertiary deposits; Stylemys, for exam¬ 
ple, is an extremely abundant fossil in the White River Oligocene. The 
tortoises —Testudo (Fig, 137) and its relatives—^are the one group of cheloni¬ 
ans which are truly terrestrial in habits and, apart from technical features, 
are readily distinguished by their highly arched and well-ossified shells. The 
tortoises are found throughout the Tertiary. A number of species of large 
size are found today on various isolated islands where the absence of land 
enemies has afforded them even more protection than that which is given 
them by the shell; some fossil tortoises were equally large, notably one from 
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the late Pliocene of India, which is often referred to as a separate genus, Cohs- 
sochelys. A variant from amphibious life toward a fully aquatic one is seen in 
Chelydra and related snapping turtles, somewhat aberrant American river 
dwellers, which are known from various Tertiary localities. 

Full aquatic adaptations have been attained by a series of marine turtles. 
A number of such types appeared in the Cretaceous, and a few are present in 
the oceans today. Of the extinct forms the best-known are Protostega and the 
related Archelon (Fig. 139, D; 141) of the Cretaceous. These old sea turtles 
were large types, up to a dozen feet in length. Land turtles seldom grow to 
any great size; but in the water, of course, many of the problems of support 
do not arise. The heavy armor of a turtle, however, means a much-increased 
specific gravity and a consequent expenditure of energy in maintaining the 
body in the water; it would be highly advantageous if the armor were light- 



Fig. 141.— Archelon^ a Cretaceous marine turtle, dorsal and ventral views. Original about 12 feet long. 
(From Wieland.) 


ened and the weight consequently reduced. This was rendered possible by the 
fact that in taking to the sea many land enemies were left behind, and for a 
large form there were few or no marine enemies; it was consequently possi¬ 
ble for a marine turtle secondarily to reduce its armor to a considerable ex¬ 
tent, leaving a small amount of bony framework. 

The compact shape of a turtle’s body and the small size of the tail renders 
swimming by a fishlike movement out of the question. Consequently, it was 
necessary for the feet to develop into powerful swimming paddles, by which 
the turtle might row itself through the water. The proximal part of the limbs 
of these oceanic forms is short but powerful, while the fingers are elongated 
and broadened to form large, webbed flippers. 

Of a number of such turtle types which evolved in the Cretaceous, most 
are extinct; but Chehnia [Chelone] and a few related forms have survived to 
modern times. This living genus is, in general, still similar in build to the oldest 
forms. 
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A second marine type is Dermochelys, the leathery turtle. In this form 
there is almost no connected dermal skeleton at all, merely a series of small 
bony plates studded in the skin of the back. It has been argued that this 
really represents the primitive chelonian condition and that the leathery tur¬ 
tle is the most primitive known member of the entire order. But there is no 
fossil evidence to substantiate this, for the complete development of the armor 
had taken place by the Triassic; and, of the few imperfect fossils which ap¬ 
pear to represent relatives of Dermochelys^ none is earlier than the Eocene. 
We have just seen that other marine turtles tend to reduce their armaments; 
and it is probable that Dermochelys is merely a marine type in which reduc¬ 
tion has gone much further than is usually the case. 

These oceanic turtles are the first examples that we have encountered of 
reptiles returning to a marine existence. Later, however, we see further ex¬ 
amples of this type of adaptation in other reptilian groups. 



Fig. 142. —Ventral view of Eunoiosaurus, a small Permian reptile possibly ancestral to the chelonians, 
about I natural size. (From Watson.) 

Trionyx, the living soft-shelled turtle, is a river-dwelling type with a very 
flat body in which the armor is somewhat reduced and on which horny scutes 
are entirely lacking, the plates being covered only with a leathery skin. Some¬ 
times placed in a separate suborder, these turtles are perhaps also to be re¬ 
garded merely as aberrant cryptodires. Related types had developed by the 
Cretaceous, very probably from relatives of the snapping turtles. Trionyx 
(Fig. 139, A-C) is a common fossil form. 

Turtle origins. —^But little light is shed on the ultimate origin of the 
turtles from a study of fossil members of the order. Some early Triassic 
forms, such as Triassochelys, show a structure slightly more primitive than 
that of most later turtles. But even at that time the armor was nearly per¬ 
fectly developed; we are dealing definitely with a true turtle and not with a 
transitional type. The ancestors of the group must be sought farther back— 
in Permian times. 

A possible connecting form is Eunoiosaurus (Fig. 142), a small reptile from 
the Middle Permian of South Africa. Unfortunately, the roof of the skull is 
unknown; we cannot settle the problem of the presence or absence of a tem¬ 
poral opening. Teeth were still present. The limbs, too, are poorly known, 
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but the girdles appear to have been of a primitive character. The greatest 
point of interest lies in the skeleton of the trunk. There was only a small num¬ 
ber of vertebrae, a fact suggesting the reduction which has taken place in 
turtles. Especially significant seems to be the fact that following the small 
first rib were eight exceedingly broad ribs which extended far laterally and 
almost touched one another at their edges. This may be compared with the 
condition in turtles in which there are eight ribs supporting the costal plates 
which make up the most of the carapace. There is one marked difference; 
for in Eunotosaurus the plates were an expansion of the rib itself, while in 





Fig. 144. —The skull of Mesomuru.% about natural size. For abbreviations see Figure 96. (After von 
Iluene.) 

turtles there is a separate dermal ossification. But it is not improbable that 
this form was closely related to the turtle ancestry, and the development of 
separate plates may have been preceded by the stage seen here. This crea¬ 
ture was not, of course, a true turtle; on the other hand, it was far from the 
typical cotylosaurs. Perhaps we may include it in the Chelonia in a broad 
sense but place it in a separate suborder, the Eunotosauria. 

Mesosaurs. —^While reptiles originated as land forms, many groups took 
again to water. Earliest of all aquatic types were Mesosaurus (Pigs. 143,144) 
and its allies, constituting the Mesosauria (or Proganosauria). These were 
slimly built little reptiles about a yard in length, which apparently were ac¬ 
tive, fish-eating forms, inhabiting bodies of fresh water. Their remains are 
known only from deposits in South Africa and South America, which appear 
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to be of late Carboniferous or early Permian age. This distribution has been 
used as an argument for the former union of those continents. But it may 
merely mean that they lived in an environment other than that of the coal- 
swamp pools from which specimens of contemporary vertebrates have been 
recovered in Europe and America and may possibly have been widely dis¬ 
tributed. 

The mesosaur skull was long and slim, the neck and body elongate, and 
there was a long, powerful, laterally compressed tail. I'he last seems to have 
been the principal swimming organ. But, while the front legs were not partic¬ 
ularly long and presumably functioned merely as steering organs, the hind 
legs were long and strong, suggesting that they also were of considerable use 
in locomotion. 

l'‘he vertebrae were of a primitive type with broad arches like those of 
cotylosaurs. The dorsal ribs (which attached by a single head to the trans¬ 
verse processes) were curiously thickened, rather banana-like; a similar 
structure is found in some marine sirenians among mammals, and this 
“pachyostosis,” it is suggested, is due to some physiological change connected 
with aquatic life. 

The shoulder girdle had the usual reptilian elements—a single coracoid and 
a scapula, a clavicle and an interclavicle. As was general in aquatic forms, 
the scapula was short and broad, the coracoid large. The pelvis was rather 
primitive but was partly unossified. The limbs were not much modified for 
aquatic life; the long bones were little shortened. Presumably, the spreading 
digits of the feet were webbed. In the toes of such marine forms as the ich¬ 
thyosaurs and plesiosaurs there was a tendency for increase in the number 
of joints. Here, however, the phalangeal formula was normal except for an 
extra joint or two in the fifth toe in the pes. 

There was a long, slender, fish-eating type of snout; the nostrils were 
pushed far back—an aquatic adaptation for easier breathing; the teeth were 
very long and sharp and set close together; the tooth-bearing palate is de¬ 
rivable from the generalized type seen in most primitive reptiles. The tem¬ 
poral region was long unknown; recent studies indicate that there was a single 
large lateral opening. 

The very early appearance of this group suggests that they were an ex¬ 
tremely early offshoot of the stem reptiles, the cotylosaurs. They do not ap¬ 
pear in typical Permian deposits and hence had a very short span of life. It 
has been suggested that they were ancestral to the ichthyosaurs. But com- 
nion features are merely such as might (and did) occur in other aquatic rep¬ 
tiles; the ichthyosaur hind legs are reduced, not enlarged, and the temporal 
region is very differently constructed. The lateral temporal opening suggests 
inclusion of the mesosaurs in the synapsids, or mammal-like reptiles. No 
other featxires of mesosau^^ however, show any resemblance to that group. 



186 


VERTEBRATE PALEONTOLOGY 


and it is probable that the mesosaurs are an independent and early side 
branch from the Carboniferous stem reptiles. 

Ichthyosaurs. —Of all reptiles, those most highly adapted to an aquatic 
existence were the ichthj^osaurs, which well deserve their name of “fish rep¬ 
tiles.” They seem to have occupied the place in nature now taken by the 




Fig. 146. —Dorsal vertebrae of various reptiles. A, B, Lateral and posterior views of vertebrae of the 
ichthyosaur Ophthcdmosaurus; C, /), lateral and anterior views of vertebrae of the plesiosaur Crypto- 
cleidus; Et F, lateral and anterior views of vertebrae of the protorosaur Araeoscelis; G, //, /, lateral, 
anterior, and posterior views of vertebrae of the Cretaceous snake Coniophis. Abbreviations: as, anterior 
zygapophysis; c, capitulum of rib; zc, intercentrum; j>s, posterior zygapophysis; r, rib articulation on 
centrum in squamata; <, tubercule of rib; tp^ transverse process of neural arch; za, zs, zygantrum and 
*ygosphene, additional articular processes of neural arch. {A-D after Andrews; F, F after Williston; 
G-Z after Marsh.) 


dolphins and porpoises. They were particularly numerous in the Jurassic, 
but their life-span seems to have covered the greater part of the Mesozoic. 

The typical Jurassic forms (Fig. 145) seem to have been very fishlike in 
their superficial appearance. There was a large, fishlike caudal fin. The body 
was short and deeply fusiform and apparently sonjpwhat compressed lateral- 
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ly. Perfectly preserved specimens show the body outline and reveal the pres¬ 
ence of a large dorsal fin, unsupported by bone. The limbs were reduced (es¬ 
pecially the pelvic ones) to short steering paddles, the main swimming mo¬ 
tion being a fishlike undulation of the body and the tail fin. The vertebral 
centra (Fig. 146, A, B) were short amphicoelous disks to which attached 
both heads of the two-headed ribs. The caudal series of vertebrae appear 
to be broken in fossil specimens, with the tip of the tail bent downward. This 
was once thought to be a post-mortem effect, and the tail was restored as a 
straight structure. But we now know 
that this seeming break was natural 
and that ichthyosaurs had developed a 
reversed, but otherwise sharklike, het- 
croccrcal tail fin (Fig. 149). 

All the bones of the girdles were pres¬ 
ent but none too well ossified; and the 
elements were small, especially the dor¬ 
sal ones. The pelvis had lost its con¬ 
nection with the sacral vertebrae. The 
long bones of the limbs were much 
shortened and, except for the humerus 
and femur, tended to become hexag¬ 
onal or circular disks, as did all the 
more distal limb elements (Fig. 147, B), 

The paddle seems to have moved as a 
unit, flexible in structure but without 
any great motility between individual 
bones. "J^here was always considerable 
hyperphalangy, or addition of extra 
finger joints, as in many marine forms. 

In addition, the number of toes varied; 
in some cases there was a decrease 
to three, in others hyperdactyly, with 
as many as seven or eight digits; some¬ 
times a single toe is observed to di¬ 
vide into two, part way down the pad¬ 
dle. 

The skull (Fig. 148) was, of course, highly modified for aquatic life. The 
beak was long; the external nostrils had moved far back; the eyes were very 
large, with well-developed sclerotic plates; a pineal oi)ening was present. 
With the enormous enlargement of the eyes, the temporal region had become 
much shortened. There was a large temporal opening, which lay high on the 
skull at either side of the^arietals and was thus an upper temporal fenestra. 





Fig. 147.—Limbs of various aquatic 
reptiles. Pectoral limb of the Triassic 
ichthyosaur Merriamia; j 9, same of the 
Jurassic Ophthalmosaurus; C, same of the 
Cretaceous plesiosaur EUismosanrus; /), 
pes of the nothosaur Lariosaurus; 
pectoral limb of the mosasaur Clidastes. 
(A after Merriain; B~E after Williston.) 



VERTEBRATE PALEONTOLOGY 


m 

But, in contrast with other reptiles, its lateral border was formed by the post¬ 
frontal and supratemporal bones; the postorbital and squamosal elements 
lay farther down the cheek region and did not enter into its borders. The 
stapes, usually slim in reptiles, had a massive structure, suggesting that these 



Fig. 148.—The ichthyosaur skull. A, By Dorsal and lateral views of the skull of OphBialnwsauruii, 
skull length alx)ut 40 inches; C, posleric>r portion of palate of Stenopicrygius. For abbreviations see 
Figure 96. {Ay B after Gilmore; C from Abel after Owen and Smith Woodward.) 


types had undergone considerable change in their mode of hearing, as have 
the whales and other secondarily aquatic forms. 

These creatures were extreme in their marine adaptations, and their limbs 
were obviously unfitted for use on land. It was long ago suggested that re¬ 
production must have taken place 
in the water (in many snakes, for 
example, and in lizards, the eggs 
are retained in the mother’s body 
until they are hatched). In agree¬ 
ment with the idea that the 
young were bom alive are speci¬ 
mens which actually show skele¬ 
tons of young ichthyosaurs in¬ 
side the body of a large individ¬ 
ual. It has been argued that 
these may have been young¬ 
sters which had been eaten by mistake. But recently several specimens 
have shown the young partially emergent from what would have been the 
cloacal region in life. The mother here apparently died during childbirth, or 
(there are human parallels) labor may have taken place after the death of the 
mother. ' i, 



Fig. 149. —Tails of AJixomurus (Triassic) and a 
Jurassic ichthyosaur, to show development of sharklike 
tail. (From Williston, after Witnan.) 
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The description above is that of a typical Jurassic form. The typical Trias- 
sic forms, such as MixosaurtiSy were more primitive. The tail (Fig. 149) was 
much straighter, with little development of the fish type of caudal fin; the 
limbs were somewhat less specialized (Fig. 147, A) ; the face shorter. 

These forms are found in marine Triassic beds of California and Spitzber- 
gen. From these same deposits come fragmentary remains of Om'phalosaurus, 
which represented a short-lived, shell-eating side branch of the group. The 
skull was, in sharp contrast with that of ordinary ichthyosaurs, short and 
strongly built, with flattened, button-like teeth for crushing mollusks. These 
forms seem to have paralleled the contemporary placodonts discussed later; 
like them they did not persist beyond the Triassic. 

Most of the later ichthyosaurs have usually been included in a single 
genus. Ichthyosaurus, There were, however, a number of distinct types— 
deep-bodied and slender forms, broad-finned (Eurypterygius) and narrow- 
finned {Stenopierygius) series; and there was one ichthyosaur, Eurhinosaurus, 
with a short lower and long upper jaw like those of a swordfish. 

In the Cretaceous the ichthyosaurs became rarer; they are quite unknown 
in the very well-known Upper Cretaceous fauna of the Kansas chalk, where 
plesiosaurs and mosasaurs abound, and they seem to have become extinct 
well before the close of the period. 

Although the Triassic forms of ichthyosaurs were slightly more primitive 
than their Jurassic descendants, they were already very highly specialized 
marine types. No earlier forms are known. The peculiarities of ichthyosaur 
structure would seemingly have required a long time for their development 
and hence a very early origin for the group, but no known Permian reptiles 
are at all suggestive of an ancestral position. Apart from the aquatic features 
of the skeleton, the odd type of temporal opening shows that the ichthyo¬ 
saurs were far removed from any other reptile orders, even other forms with 
an upper temporal fenestra, and it seems likely that they arose independent¬ 
ly from early stem reptiles. Provisionally, at least, we may regard them as 
the types of a distinct subclass termed the Ichthyopterygia. 



CHAPTER 9 


SYNAPTOSAURIAN REPTILES 

T KEATEI) in the present chapter is a series of reptilian groups now 
entirely extinct but not uncommon in Permian and Mesozoic de¬ 
posits. They were, in the main, amphibious or aquatic forms, of a 
highly diversified nature but showing a common diagnostic feature in the 
type of temporal opening present throughout. This opening was situated 
high up on the skull roof; it was essentially comparable to the superior tem¬ 
poral fenestra of diapsid types and was bounded below by a broad cheek 
plate. A similarly i)laced opening was, as we have seen, present in the ichthyo- 



Fig. 150.— Araeoscelis, a small Lower I'ermian prolorosuur, about I nalurul size. (From Williston.) 

saurs. Here, however, the postorbital, squamosal, and parietal bones were 
the major elements forming its margins; the supratemporal, which plays a 
prominent role in the boundaries of the opening in ichthyosaurs, is absent. 
These forms may be considered as making up a subclass Synaptosauria; in¬ 
cluded are the various Permian and Triassic forms of the order Protorosau- 
ria and the order Sauropterygia—^the nothosaurs, placodonts, and plesio¬ 
saurs of the Mesozoic seas. 

Protorosaurs. —One of the few small Permian reptiles of which we have 
any adequate knowledge is Araeoscelis (Figs. 150, 151) of the Lower Per¬ 
mian beds of Texas. This was a small and lightly built creature little more 
than a foot in length, with very slender limbs; it may have appeared in life 
somewhat like one of the more agile lizards. The vertebrae (Fig. 146, E, F) 
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were still amphicoelous as in primitive forms; the ribs, however, were much 
modified from the primitive condition. The cervical ribs were single-headed; 
those of the trunk were two-headed, but the capitular attachment had 
shifted upward to a point close to that of the tubercle, suggesting a transi¬ 
tion to the single-headed condition seen in sauropterygians. Despite the slim 
build, there were still many primitive features in the limbs; the pubis and 
ischium, for example, formed a solid plate and lacked the large opening which 
developed there in many reptile types. The skull had retained many primi¬ 
tive features, particularly in the palate. But a small opening had developed 
high up in the side of the temporal region, bounded above by the parietal, 
behind by a small bone which may be either supratemporal or tabulai-, and 
below by the postorbital and squamosal. This last element was very large 
and occupied almost the entire 
surface of the broad cheek region, 
and the quadrate jugal seems to 
have disappeared. 

This little form is quite differ¬ 
ent from its better-known large 
contemporaries. With it have been 
associated, with various degrees 
of probability, other rare rep¬ 
tilian types of the Permian and 
'i'riassic. These vary highly in 
many characteristics and are difficult to distinguish from contemporary two- 
arched reptiles, discussed later in this chapter. Where sufficiently known, 
however, they show certain basic features described in Araeoscelis —a single, 
upper, temporal opening; slim, single-headed cervical ribs; and dorsal ribs 
in which the two heads tend to unite to a single one situated on or close to 
the transverse process. In other respects there is much variation, but all may 
be provisionally grouped within a single order—the Protorosauria. 

A few close relatives of Araeoscelis are known from Ix)wer Permian de¬ 
posits, and further types are known from the Upper Permian, Protorosaurus, 
as far as known, was similar to Araeoscelis but was a larger reptile, reaching a 
length of several yards. Weigeliisatirus [Palaeochamaeleo] is a persistently 
small form, but peculiar in the development of a spiked, bony frill at the 
back of the skull, resembling that of the (unrelated) modern chameleons. 
Other varied types were present in the Triassic. Trilopkosaurus of the late 
Triassic of North America (Fig. 152) was a stoutly built reptile which super¬ 
ficially gives the impression of a cross between a diadectid cotylosaur and a 
rhynchocephalian diapsid. The short, deep skull has a toothless and pre¬ 
sumably horn-covered beak, as in the rhynchosaurs described later; the 
cheek teeth were transversely widened and three-cusped, looking much like 





Fio. 151.—Lateral view of the skull of Araeoscelis; 
leiif^h of original about 1| inchcwS. (The element la- 
l)ele<l “tabular” is not improbably the supratemporal.) 
For abbreviations see Figure 96. (After Williston.) 
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those of Diadecies; and the general proportions of the skull are suggestive of 
that cotylosaur. But the temporal opening, rib attachments, and other fea¬ 
tures are those diagnostic of the present group. 

Radically different was Tanysiropheus (Fig. 153) of the European Middle 
Triassic, a grotesque type whose mode of life is difficult to imagine. The 
greatest peculiarity is the extreme elongation of the neck vertebrae. The 
contrast between the cervical region and the stubby body and rather normal 
limbs is so extreme that, when a complete skeleton was found for the first 
time, it proved that the front part of the animal had been described by earli¬ 
er writers as pertaining to a flying reptile, while the trunk had been thought 
to be that of a primitive dinosaur! 



Fig. 152.—lateral and ventral views of Trihphosaurust au Upper Triassic j)rolurosaur; lcnK*tli about 
5 inches. (After J. T. Gregory.) 



Fig. 15ti. — Tanpstropheufi, a long-necked 'rria.ssic prolorosaur, about feel long. (From Peyer.) 


A puzzling genus which may be mentioned here is Pleurosaurus (Fig. 154), 
an aquatic Upper Jurassic reptile. This was a very elongate, slender animal, 
a yard or two in length, with trunk and tail proportions comparable to those 
of a snake, except that small but normally built limbs were present. The teeth 
were aerodont, as in rhynchocephalians and some lizards; the temporal re¬ 
gion had a single upper opening, bounded laterally by a broad bar, a situa¬ 
tion suggesting that PUuroaauTus may be a late surviving protorosaur. 

The protorosaurs seem to have been an early offshoot of the cotylosaurs, 
as attested by the fact that they were among the very few reptilian orders 
represented in early Permian deposits. Our knowledge of their evolution is 
still very incomplete, but they appear to have deployed rapidly into a num¬ 
ber of varied lines. By the Tria8sic» however, they were in competition with 
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various types of diapsid reptiles and seem to have been unable to meet this 
competition successfully, with resulting reduction in numbers and final ex¬ 
tinction. It seems probable, however, that the sauropterygians, discussed be¬ 
low, are aquatic types descended from a protorosaur stock. 

It is improbable that any other groups of reptiles are protorosaur de¬ 
scendants* It has been suggested that lizards, which also have a single upper 
temporal opening, were derived from such a form as Araeosoelis, Current be¬ 
lief, however, is that lizards are derived from diapsid ancestors. Again, it is 
theoretically possible to derive such diapsid forms from a protorosaur by the 
formation of a lateral opening below the upper fenestra already present; the 
available evidence, however, suggests that the two-arched reptiles were of 
independent origin. 

Sauropterygians. —The plesiosaurs, one of the most important of marine 
reptilian types, may be included with related Triassic forms, such as the 
nothosaurs and placodonts, in an ^ 
order Sauropterygia. ^ 

In all these reptiles, aquatic adap¬ 
tations were developed, and, in ad¬ 
dition, there were a number of 
common structural features which 
tend to show their mutual relation¬ 
ship. There was a single upper tem- 

nnrfll onpm'n^ whiVh as in ArnPn- Ui^.—Pleuromurvs, an aquatic Jurassic 

^ reptile of doubtful affinities, skull length about 4 

SCCllSy lay above a broad cheek inches. (After Broili and Watson.) 

plate formed mainly by the squa¬ 
mosal, while the quadratojugal was absent. The pineal eye had been retained, 
while the nostrils had, as in many marine forms, moved well back along the 
top of the skull. There was no secondary palate, but the interpterygoid va¬ 
cuities were nearly or entirely closed by a fusion of the pterygoids in the mid¬ 
line below the old roof of the mouth. The vertebrae (Fig. 146, C, D) were 
rather primitive in build, amphicoelous or, at the most, flat-ended. The ribs 
of the trunk region had but a single head which articulated with the trans¬ 
verse process of the neural arch rather than the centrum. The old ventral- 
rib system had (as in Araeoscelis) been retained and powerfully developed 
to form a basket-like structure along the belly. 

The limbs and girdles were usually considerably modified for aquatic life, 
j The dorsal elements of the girdles (scapula, ilium) were reduced in size; the 
, ventral ones tended to be expanded. The sacral articulation was reduced in 
relation to the lessened need of support as terrestrial life was abandoned, 
jl'he limbs of the nothosaurs and placodonts were still more or less primitive 
land not ill suited to walking as well as swimming; in the plesiosaurs they 
^re long, paddle-like structures. 
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Plesiosaurs. —The plesiosaurs are the best-known members of the sau- 
roptery/^ians, as well as the last to survive and the most specialized for aqua¬ 
tic life; they arc common in many Jurassic and Cretaceous deposits. Many 
of them were of considerable size, with a maximum length of about 50 feet. 
Although they were obviously well fitted for marine life, their adaptations 
were very different from those of the rival ichthyosaurs. The latter- swam by 



Fig. 155 .—Muraenosaurust a long-necked Jurassic plesiosaur, about 21 feet in length, (From An¬ 
drews.) 



Fig. 156. — ThaiimatomuruSy a Jurassic plesiosaur, ventral view, to show the abdominal ribs and ex¬ 
panded girdles, about 11 feet long. (After Williston, adapted from Fraas.) 


a fishlike undulation of the body and tail, the fins were merely for steering, 
and the head did not move independently of the body as a whole. In the 
plesiosaurs, however, the body (Figs. 155, 156) was broad and flat, and 
the tail seems to have been of comparatively small importance; swimming 
seems to have been accomplished through rowing the body along by means 
of the well-developed paddles. The head, usually small, was set on the end of 




SYNAPTOSAURIAN REPTILES 


195 


a flexible neck and could dart sidewise to seize the prey. A plesiosaur has 
been compared by an old writer to “a snake strung through the body of a 
turtle.” 

The skull (Fig. 157) was variable in shaj)e, most forms having a short face, 
while in others shortness of the neck was compensated by an elongated beak. 
The external nares had been pushed back to a position comparable to that 
found in ichthyosaurs. 'I'he palate was highly modified; the two pterygoids 
met each other beneath the basisphenoid, separated to disclose a small inter¬ 
pterygoid vacuity, and then met again farther forward. The pointed teeth, 
set in sockets, were confined to the margin of the jaws. 

The scapula (Fig. 158, above) had only a small dorsal blade, but ventrally 
it and the coracoid had expanded into a huge ventral plate for the attachment 



Fig. 157.—The skull in plesiosaurs. A, Dorsal view of skull of Miiraenosaurus; Z?, lateral view of same, 
skull length about 14 inches; C, palatal view of Thaumatonaurus, skull length about 14 inches. For ab¬ 
breviations see Figure 96. (A, B after Andrews; C after Fraas.) 


of strong muscles which gave a powerful down-and-back stroke to the paddle. 
In the pelvic girdle (Fig. 158, below) the ilium was very short and but loose¬ 
ly attached to the tip of the sacral ribs. The pubis and ischium, however, had 
developed to form a very large plate containing a small vacuity. 

The humerus and femur were long, while the bones of the distal segment of 
the limb were much shortened. The paddles (Fig. 148, C) were very long but 
less specialized than the fins of the ichthyosaurs; for, although there was con¬ 
siderable hyperphalangy, there was never any hyperdactyly, and the pha¬ 
langes retained the shape of normal finger joints. 

Plesiosaurs first appear in the Rhaetic deposits, laid down at a time transi¬ 
tional from the Triassic to the Jurassic. In the marine Liassic deposits of the 
Lower Jurassic of Europe the group was already abundant and diversified. 
Two types, quite different in adaptive features, are early apparent. Plesio- 
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saurus and Muraenosaurus (Figs. 155,157) are representative of a group with 
small, short heads; an elongate neck; and short proximal bones in the limb 
paddles. Pliosaurus and Thaumaiosaurus (Figs. 156, 157) are, on the other 
hand, types which had a relatively short neck but tended to increase the 
length of the head in compensatory fashion; humerus and femur tended to be 
more elongate than in the long-necked genera. The pliosaurs tended, even in 
the Jurassic, to become large forms; and a late representative— Kronosaurus 
of the x4ustralian I-^ower Cretaceous—had a skull nearly 3 yards in length. 

Jurassic plesiosaurs are mainly from European deposits; a second major 
fauna is that of the last appearance of the group, in the late Cretaceous, 
mainly known from specimens from western North America. All Upper Cre¬ 
taceous genera show specializations in the union of the two heads of the 

cervical ribs into a single structure and a short- 
ening of the elements of the second segment of 

_limbs. Long- and short-necked groups, how- 

^ ever, persisted. The long-necked forms are the 

more numerous and include such genera as 
f —y Elas7nosauTus, with seventy-six vertebrae in its 

y I flexible neck. The short-necked forms have a 

I \ modest cervical count—thirteen, for example, in 

Brachauchmius, 

—Much more primitive saurop- 
^^^040/ terygians are present in the Triassic strata, par¬ 
ticularly the marine beds of the Middle Triassic 
of Europe. Nothosaurus, Simosaurus (Fig. 159), 

die of the plesiosaur Microcletdus, . ^ i n i 

The scapula has grown downward Ccreswsaurus (Fig. 160), and a number of other 
and backward to gain a ventral genera of that age Were types not yet completely 
contact with the coracoid. Below, adapted tO aquatic life and, on the average, con- 

ations: a, acetabulum; c. clavicle; siderably smaUer than the plesiosaurs. 1 he gen- 
g, glenoid; t7, ilium; w, ischium; eral proportions of the body and the struc- 
p, pubis; pc, precoracoid; s, ^ure of the girdles Were quite similar to those 
^drews)^ plesiosaurs. The limbs, however, were 

Llittle specialized for aquatic life, except that 
the distal segments were somewhat shortened. The digits (Fig. 147, D) 
were of rather normal build but were probably webbed. In the skull the 
nostrils were “in transit’" between the normal position and that found in plesio¬ 
saurs. The palate shows much the same general type of construction but was 
a quite solid structure, for the two pterygoids met in the mid-line for their 
entire length to form a continuous plate. In this respect the typical notho- 
saurs were already more specialized than the plesiosaurs and hence, despite 
the similarities in other respects, cannot have been plesiosaur ancestors. 

A possible plesiosaur ancestor is Pistmaurus of the Middle Triassic. The 
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skull, which alone is preserved, has usually been regarded as that of a notho- 
saur. Reinvestigation shows, however, that the palate is not completely 
close(f; in this and other suggestive details of skull construction we find evi¬ 
dence of plesiosaur relationships. 

The exact ancestry of the nothosaurs is uncertain. Trachelosaurus of the 
early Triassic of Europe is incompletely known but may be a terrestrial an- 



Fig. 159.—'rhe skull of the nolliosaur Sitnosaurus, dorsal and ventral views; length of original about 
12 inches. For abbreviations see Figure 96. (After Jaekel.) 



Fig. 160.— CereniomuruSy a Triassic iiothosaur, ventral view; original about Sj feel long. (From 
Peyer.) 


cestor of the sauropterygians. As in this group, the neck was considerably 
elongated, containing about twenty vertebrae; the limbs, on the other hand, 
indicate tliat the genus was a land dweller. 

Placodonte. —Placodm is the best-known member of a small group of 
aberrant Triassic sauropterygians which had taken up mollusk-eating as a 
livelihood. Connected with this is the most remarkable specialization of 
Plaeodus (Fig. 161 ), the development on the palate and lower jaws of enor- 
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mous flat teeth capable of crushing mollusk shells. These teeth were not un¬ 
like those of some of the pavement-toothed sharks and, indeed, were long 
thought to pertain to fish. Presumably there were very powerful jaw muscles 
for this heavy work, for the coronoid bone of the jaw forms a long upwardly 
directed process for muscular insertion. This remarkable development simu¬ 
lates that found in mammals and is almost without parallel in ordinary rep¬ 
tilian types. The front teeth were heavy, projecting pegs across a broad muz¬ 
zle in Placodus and may have served to root up mussels. 

Apart from adaptations for this specialized diet, Placodus was not dissimi¬ 
lar to the nothosaurs in many features of limb and trunk structures; the 



Fig. 161. —The skull of the placodoiit reptile PUicmluti; original about 10 inehc.s long. For abbrevia¬ 
tions see Figure 96. (After Broili.) 

skulls were essentially similar in such features as the position of the nostrils 
and the solid palate. However, the placodont trunk was relatively short and 
rounded in cross-section; and in the Placodus skull the tooth-bearing pala¬ 
tines have pushed back at the expense of the pterygoids, Placodus shows a 
further specialization in that numerous nodules of bone were found associ¬ 
ated with the skeleton, indicating the beginning of body armor. 

The Placodus specializations are intensified in other placodont genera of 
the middle and late Triassic of Europe. The crushing teeth may become 
larger but fewer in number; the snout may become slim and, in Placochelys 
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(Fig. 162), toothless, the sharp beak perhaps functioning as a pair of forceps 
in picking out mollusks; another genus, Henodits, became nearly completely 
toothless and presumably had developed stout horny plates, analogous to 
those of a turtle, for masticatory purposes. The more specialized placodonts 
developed the armor to a higher degree; and in Henodus and other genera the 
short, broad, and flattened body was completely incased in a shell compara¬ 
ble to that of the turtles. However, the placodont armor was composed of a 
much greater number of plates than in the Chelonia, arranged in a mosaic 
somewhat comparable to the cara¬ 
paces of ankylosaur dinosaurs or 
glyptodont edentates. 

It has been suggested that tlie 
j^lacodonts were related to the tur¬ 
tles. Some sort of distant relation¬ 
ship of chelonians and sauroptcry- 
gians is possible; we must note, 
however, that it is in the later and 
most highly specialized placodonts, 
not the more primitive ones, that 
the turtle-like features are most 
marked. 

In the known sauroptcrygians wc see, from the beginning of the 'J'riassic 
on, a series of stages leading from terrestrial to purely marine reptiles, to¬ 
gether with various side lines. Here, apparently, aquatic life was a much later 
specialization than in the ichthyosaurs, and the ancestors of the sauropteryg- 
ians are presumably to be sought among the land animals of the Permian. As 
we have seen, Araeoscelis of that period is a land form which might well have 
been the ancestral type. While such a conclusion is, of course, to be regarded 
as a provisional one, we may be justified in associating the Protorosauria 
with the Sauropterygia in a common subclass, Synaptosauria. 



Fig. K)!^.—Lateral view of the skull of the placo- 
rlont Placochdys; length of original about 6 inches. 
For abbreviations see Figure 96. (After Jaekcl and 
von lluene.'i 
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LEPIDOSAURIAN REPTILES 

T he reptiles so far described have been either aiiapsids, with a solid 
skull roof, or forms with but a single temporal opening. However, ex¬ 
cept for marine types, the great bulk of Mesozoic reptiles were two- 
arched forms, with a temporal opening both above and below a bar formed 
by the postorbital and squamosal bones. This is the diapsid condition (cf. 
Fig. 132), and all forms with this double opening have often been grouped as 
members of a single subclass (the Diapsida). But many of the diapsids were 
advanced types showing evidences of close relationship to one another but 
not especially to more primitive, two-arched types. We prefer to regard the 
advanced forms—the crocodiles, dinosaurs, and pterosaurs—:as members of a 
subclass Archosauria, which will be considered in later sections. In this chap¬ 
ter we shall treat only of some primitive, two-arched forms and types de¬ 
rived from them; these may be considered as constituting the subclass Lepi- 
dosauria, using a term frequently applied to the scaly reptiles (lizards, snakes, 
and Sphenodon) which are the modern representatives of the group. 

Eosuchfans. —^No two-arched reptiles are known from the early Permian. 
First of such types to appear were a number of small reptiles from the Upper 
Permian of South Africa, of which Youngina (Fig. 163) is the best known. 
This form appears to have had a comparatively primitive postcranial skele¬ 
ton, with moderately slender limbs, normal reptilian foot structure, and (as 
far as can be told) body proportions not unlike those of typical lizards. 

In the skull were retained many primitive features which bring Youngina 
in contrast to the archosaurians to be described in the next chapter. The 
palate was of a very generalized reptilian type, with pterygoids movable on 
the braincase and with teeth on the palatal bones, in addition to a row of teeth 
set in sockets on the jaw margins. Small supratemporal, postparietal, and 
tabular bones were still present at the back of the skull, a pineal eye had been 
retained, and (unlike many archosaurs) there was no opening between the 
bones in the side of the slim snout. 

Younginuy nevertheless, had two temporal openings—a lateral one far 
down the side of the cheek region, and a large upper opening on the top of 
the broad skull table. We are dealing with a diapsid reptile, but a very primi¬ 
tive one; and it seems fitting that Youngina and its few small and inade¬ 
quately known relatives should constitute a separate order, the Eosuchia. 
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Apart from forms of such a seemingly primitive and unspecialized struc¬ 
ture as that seen in Youngina, the order Eosuchia may be considered to em¬ 
brace a number of other and varied early diapsid types. One such form is 
Prolacerta of the South African Lower Triassic (Fig. 164). In many respects 
this genus is similar to the earlier Youngina and may have been derived from 
it. But in the temporal region the lower bar is incomplete. This strongly sug¬ 
gests that the lizards, with an “open” cheek and a single temporal opening, 
have been derived from two-arched reptiles through loss of the lower arch. 

A dubious group is that of the thalattosaurs (Fig. 165), rather small and 
poorly known aquatic reptiles from the marine Upper Triassic of California. 
The limbs of Thalattosaurus were paddle-like, but otherwise the postcranial 



Fig. 163. — Voungina, a primitive, two-arclied reptile from the Upper Permian of South Africa— 
dorsal, palatal, lateral, and occipital views; length of origin.al about 2^ inches. For abbreviations see 
Figure 96. (After llroom, Watson, Olson.) 


skeleton is inadequately known. The skull was rather elongate, and sclerotic 
plates were present in the eyes. In the temporal region there was certainly a 
lower opening, but the presence or absence of an upper opening is uncertain 
owing to the fragmentary nature of the specimens. If diapsids, they may rep¬ 
resent an offshoot of the eosuchian stock. 

Champsosaurus (Fig. 165) is a reptile found in late Cretaceous and early 
Tertiary deposits in both Europe and North America, which appears to have 
been a fish-eating dweller in fresh waters. In its general proportions it gives 
the appearance of a small crocodilian, and its long-snouted skull is superfi¬ 
cially comparable to that of agaviaJ. The external nostrils were at the tip of 
the long snout; the internal nares were carried far back, although there was 
no development of a true secondary palate. Although Champsosaurus was a 
diapsid, it is not at all closely related to the crocodiles. It is frequently in- 
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eluded in the Rhynchocephalia, but it lacks the rhynchocephalian beak, and 
the teeth arc socketed rather than acrodonl; hence it seems best to regard it 
as a specialized late survivor of the eosuchian group of primitive diapsids. 

Rhynchocephalians. —Still primitive in many features, but with a few 
’"' characteristic specializations which mark them as an aberrant group, are the 
Rhynchocephalia, which first appeared in the Triassic and survive in the 
shape of a small reptile, Sphenodon, inhabiting a few islands off the coast of 

New Zealand. Sphenodon (Fig. 166) 
looks very much like a lizard and, 
indeed, resembles the lizards great¬ 
ly in many features; while, on the 
other hand, it appears, in the reten¬ 
tion of numerous primitive charac¬ 
ters, to have departed little from 
the structure of the Eosuchia. It 
is sharply marked off from the 
lizards, in which the cheek is bare beneath the upper opening and bar, 
by the presence of two temporal openings. It is easily distinguished from 
the eosuchians by two specialized features: the teeth are fused to the edge of 
the jaws rather than set in sockets (acrodont), and there is a small overhang¬ 
ing bealfH)n the upper jaw, a characteristic to which the group name refers. 



Fio. 164.— Prolacerta, an eosuchian, seemingly 
ancestral to lizards; length of skull about 2^ inches. 
For abbreviations see Figure 96. (.4fter Camp.) 



Fig. 165. — I^fiy dorsal view of skull of dhampsomurus, a late Cretaceous and early Tertiary am¬ 
phibious form, length about 13^ inches. (After Brown.) Rights lateral view of the skull of Tlialatiosaurus, 
a problematical Triassic aquatic reptile; the skull is incomplete posteriorly; length about 1 foot. For ab¬ 
breviations see Figure 96. (After Merriam.) 

Most of the diagnostic characters of the rhynchocephalians are primitive 
ones to which little reference need be made. The palate is as primitive as that 
of Youngifia, the pineal eye is still present, the vertebrae are amphicoelous 
rather than having the solid structure of most land reptiles of post-Triassic 
times. There have been some changes from primitive conditions, however: 
the lacrimal, supratemporal, and tabular bones have disappeared; the ribs 
attach to both arch and centrum by a single broad head rather than a double 
one; and (as in many other types) a large opening has developed in the primi¬ 
tively platelike ventral part of the pelvis. 

Sphenodon appears to be a persistent survivor of an ancient group, for 
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TIomoeosaurus (Fig. 167) of the Jurassic appears to have been almost identi¬ 
cal in structure, and the ancestry of this type may without doubt go back 
through some imperfectly known Triassic genera to such a form as Youngifia, 
Very few changes are needed to make a rhynchoccphalian out of an eosu- 
chian. 

Early offshoots of the stock were the rhynchosaurs of the Triassic (Fig. 
168). These tended to be of comparatively large size, but the postcranial 



Fig. 1C6. —Thci skull of the living rhynchocephalian Sphenodon. «o, Supraoccipital. For other abbrevi¬ 
ations see Figure 96. 


skeleton and most of the skull were essentially similar to that of Sphenodon. 
The pineal opening had disappeared, however, and the beak was much 
elongated and toothless, with the nares fused into a single opening above it. 
Rhynchosaurus, Ilyperodapedon, and related forms appear to have been shell¬ 
eating, shore-living types; they have been found in nearly all continents ex¬ 
cept North America. 
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The Squamata. —The order Squamata includes the lizards and snakes, 
the most successful of modern reptiles. The lizards may be traced back to the 
Jurassic and had an interesting marine development in the Cretaceous. 
The snakes, last evolved of any reptilian group, appeared only in the Cre- 



Fig. 167.— Homoeomunui, a Jurassic* rhynchoceplialian in ventral view, about 7J inches long. (From 
Williston’s The Osteology of the Reptiles, by permission of the Harvard University Press.) 


taceous and have obviously been derived from a lacertilian stock. A diag¬ 


nostic feature of the lizards lies in the 
opening—the upper one, lying above 



Fig. 168 . —The skull of the Triassic rhyncho- 
saur Hyperodapedorit length about 7§ inches. For 
abbreviations see Figure 96. (After von Huene.) 


fact that there is but a single temporal 
a bar formed by the postorbital and 
squamosal (Fig. 169). Instead of a 
lower opening’s being present, we 
find that the cheek region lies open 
at the side behind the eye; the quad- 
ratojugal has disappeared; and the 
squamosal is much reduced. As a re¬ 
sult of this loss of cheek covering, 
the quadrate bone is freely movable, 
giving greater flexibility to the jaws. 
The pineal eye persists in most liz¬ 
ards. The lacrimal bone is small 
or absent, the postparietal has gone, 
and so has either the tabular or 


the supratemporal (there is a single bone to represent the two). On the other 


hand, some lizards have developed a whole series of new superficial dermal 


bones which may cover the whole skull roof. 


The palate is of the primitive type seen in many Permian reptiles and in 


^P^enodon, Th 
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some to be a primitive character, the lizards supposedly having come from 
some protorosaur such as Araeoscelis» But the temporal region of that little 
reptile shows none of the excavation at the side which characterizes the 
lizards, and there are few positive resemblances. On the other hand, Spheno- 
don and some lizards are exceedingly similar in nearly every anatomical fea¬ 
ture except the temporal region. We may thus reasonably assume that the 
lizards, like the rhynchocephalians, have come from the primitive Eosuchia. 
The lizard temporal region may be interpreted as derived from a diapsid 
condition by loss of the lower temporal bar; and we have seen that Prolacerta 
shows almost diagi'ammatically an intermediate stage in this process. 

Lizards. —The Squamata are divided into two suborders: the Lacertilia, 
the lizards; and Serpentes (or Ophidia), the snakes. The first are, of course, 
the more primitive of the two and the first to be represented in the fossil 
record. Even the lacertilians, however, were comparatively late in appear¬ 
ance; for there are no certain fossil lizards in rocks older than the Jurassic 
and it was only at the end of the Mesozoic and in Tertiary times that the 
group became a flourishing one. 

There are a large number of families of lizards, few of which need be men¬ 
tioned in detail. There are various methods of classifying them; we shall em¬ 
ploy a system in which the lizards are considered as constituting some seven 
infraorders: 

Gekkota, —The geckoes, mainly from the Old World, have amphicoelous 
vertebrae which suggest that the group is a primitive one; unfortunately, no 
fossil forms have been identified. 

Iguania, —The iguanids are common, and often large, New World lizards ; 
the agamids. Old World relatives. The group includes lizards of rather primi¬ 
tive character, and both families have been identified in the Upper Creta¬ 
ceous. 

Rhiptoglossa. —The chameleons, highly specialized African forms, not 
certainly identified in the fossil state. 

Scincomorpha. —large and varied group of lizards, named from the 
skinks but including also certain burrowing and limbless lizards, the Euro¬ 
pean lizard Lacerta, etc. Several families of this group are known from the 
Eocene onward, and it is possible that Ardeosaurus of the Upper Jurassic, 
one of the earliest of lizards, is related to the skink group. 

Amphishaenia, —Very wormlike subterranean lizards. In the small skull 
the bones are arranged in compact fashion in correlation with burrowing 
habits, giving a structure comparable to that of the Apoda among the 
Amphibia. Probably of scincoid derivation, the amphisbaenians appear in 
the Eocene. 

Anguimorpha, —^Advanced forms, including the Gila monster {Helo- 
derma), the slow worms (Anguis), and a variety of genera many of which are 
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limbless. Bony scales or osteoderms, although present in some other lizards, 
are r?(bst highly developed in this group. Members of the Anguidae appear 
in the Cretaceous, and the group may be represented even in the Jurassic. 

Platynota ,—The living members of this group, the monitor lizards of the 
Old World, form the family Varanidae. An East Indian monitor attains the 
length of a dozen feet; and Megalania, a Pleistocene fossil, was perhaps 
double that size. 'iTie marine lizards discussed below are also members of the 
Platynota; and, although the varanids have stout limbs, many features indi¬ 
cate that they are closely related to the ancestry of the snakes. Key charac¬ 
ters include the development of a flexible joint in the middle of each lower 
jaw and the complete inclosure of the front part of the brain cavity in bone. 
Varanids appear in the Upper Cretaceous, but it is obvious from a phylo- 



Fjg. 170.— Ailriomurua^ a l/iwer Oelaceous semiaquatic lizard; original about 16 inches long. (From 
Williston’s The Odeohgij of the Heptilesy by permission of the Harvard University Press.) 


genetic standpoint that the ancestral platynotans must have developed be¬ 
fore the end of the Jurassic. 

Marine lizards. —The one striking series of fossil lizards is that of the 
varied marine forms of the Cretaceous, which are quite surely members of 
the Platynota and closely related to the monitors. 

Two groups of aquatic lizards appear in the Lower Cretaceous. The doli- 
chosaurs, including Adriosaurus (Fig. 170) and the somewhat later Dolwho- 
saurusy were small forms with a very long neck and limbs of a fairly normal 
structure; these lizards were not completely adapted for marine life. Their 
great body elongation indicates that they were not the ancestors of the other 
water-living lizards. The aigialosaurs were a second early Cretaceous group, 
also fairly small and also only semiaquatic in their probable habits. Here the 
neck was short, and there was a powerful swimming tail. 
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From the last, apparently, came the mosaaaurs (Figs. 169, 171), Upper 
Cretaceous marine lizards, world-wide in distribution but especially colnmon 
in the chalk rocks of Kansas; Platecarpus and Tylosaurus are among the 
best-known types. They were of large size, averaging about 15-20 feet in 
length. There was a long head, a short neck, and a long slim body and tail. 
The tail was the main swimming organ, the limbs functioning as steering 
organs. In the paddles (Fig. 147, E), as usual in aquatic forms, the proximal 
bones were much shortened; but the toes were well developed, spreading, 
and presumably webbed. The normal number of digits was present, but 
there was a slight increase in the number of joints. The skull was much like 
that of the varanid lizards; and, as in them, there was a well-developed joint 
midway of the jaws, between angular and splenial. The teeth were rather un¬ 
like those of most lizards in that they were set in pits rather than fused to the 
jaws. 

The mosasaurs were mainly fish-eaters, probably existing on the large 
variety of primitive teleosts which were their contemporaries. I'here were 



Fig. 171. —Tylosauruit dispar^ a mosa.saur from the Niobrara (’liulk of Kansa.s; original about 26 
feel long. (From Osborn.) 


various types, presumably diving, deep-sea, and surface forms. A more di¬ 
vergent form was Globidem, which is poorly known except for the jaws. The 
teeth had peculiar spheroidal crowns, and it would seem that this form was a 
mollusk-eater. 

Despite the profusion of mosasaur types in the late Cretaceous rocks, they 
perished as soon as did their contemporary fellow-fishermen, the plesiosaurs. 

Snakes. —^The Serpentes, snakes, are the newest of reptilian groups. Ob¬ 
viously derived from varanid types, they first appeared in the Cretaceous but 
are not well known as fossils. 

In snakes almost all traces of limbs are lost, as in some of the true lizards. 
The limbless condition seems to be associated with the fact that in all slimly 
built reptiles locomotion, even with limbs, utilized to some extent the sinu¬ 
ous motion of the body held over from the fish stage; the legs merely held the 
ground gained by twisting the body. With the development of a freely mov¬ 
able rib system to aid in sinuous movement and the addition of horny scales, 
which could hold onto the surface and prevent a backslip, the loss of legs be¬ 
came a possibility, and a new type of locomotion made its appearance. 
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In snakes the vertebrae may increase in number up to several hundred, 
with, of course, little regional differentiation, and extra articulations are 
present between the vertebrae (Fig. 146, G-I), The skull (Fig. 172) has been 
highly modified in the direction of greater motility of its components for swal¬ 
lowing of large prey. Even the upper arch of the cheek is lost, leaving the 
quadrate very loosely attached to the skull. The quadrate also has but a 
loose connection with the palate, while the palate and the anterior portion 
of the skull may both move freely on the braincasc region. The dentary is 
freed considerably from the more 
posterior elements of the jaws, and 
the two branches of the jaw are 
connected only by ligaments. These 
all make for the possibility of a 
wide jaw gape. The teeth are usual¬ 
ly directed backward, so that alter¬ 
nate jaw movements tend to push 
the prey down the throat. The 
pineal opening is lost. The parietal 
and frontal have grown down so 
that, together with a new ossification, they completely inclose the fi'ont of the 
braincase, a rather necessary feature for brain protection during the swallow¬ 
ing of large objects. 

The oldest-known snakes of the late Cretaceous and Eocene, such as 
Palaeophis, appear to have been rather primitive forms with fairly short 
bodies and stout build, many of them of large size; the boas and pythons 
seem to be little-modified descendants. The harmless smaller snakes, such as 
the grass snakes and many other types included in the family Colubridae, 
do not appear until the Oligocene. Poisonous snakes with grooved or hollow 
fangs seem to have been a late development, not surely known before the 
Miocene. Some such types, with poison-bearing teeth in the back of the 
jaws, are included among the existing Old World members of the colubrids 
but are unknown as fossils. More progressive forms, with anteriorly placed 
fangs, are the cobras (Elapidae), with fixed fangs, and the vipers (Viperidae) 
and pit vipers, such as the rattlesnakes (Crotalidae). In the last two families 
the palatal bones are so arranged that the fangs are automatically turned 
down and in when the mouth closes and are erected when it opens. 



Fig. 172.—Skull of a primitive living snake, the 
python. For abbreviations sec Figure 96. (After Wil- 
liston.) 


CHAPTER 11 


RULING REPTILES 

T he mutual relations of many of the reptilian types are, as has been 
seen, none too clear, and the establishment of superordinal or sub¬ 
class groups is a dubious matter. In contrast are the groups now to be 
considered—a series of orders including the crocodiles, dinosaurs, flying rep¬ 
tiles, and related primitive forms which may be unified in the subclass Archo- 
sauria, the ruling reptiles (Fig. 173). 



Fig. 173.—The phylogeny of the archosaurian reptiles 


Diagnostic characters possessed by all these forms are few. All possess two 
temporal openings—the diapsid condition; but two openings are also present 
in rhynchocephalians and other reptiles which seemingly have little to do 
with the groups under consideration. Of greater importance are the com¬ 
parable evolutionary trends seen in the development of the various orders 
and indicative of the potentialities inherent in the ancestral stock. Many 
similarities in structural features among end-forms of different archosaurian 
lines have not lieen inherited as such from a common ancestor but have been 
independently acquired. This, however, does not debar such characters from 
consideration as indications of relationship. Study of fossil forms increasing- 
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ly indicates that there has been an enormous amount of parallelism in de¬ 
velopment; but this study also appears to demonstrate that close parallelism 
occurs only in closely related forms. 

Bipedalism. —The most characteristic archosaurian evolutionary tend¬ 
encies are to be seen in the limb-and-girdle structure and are connected with 
significant changes in the locomotion of most members of the group. 

The clumsy style of walking of the primitive cotylosaurs was improved up¬ 
on by later reptiles in various ways. Many reptilian orders tended merely to 
improve a four-footed style of progression; the archosaurs are unique in that 
they tended toward a bipedal gait, the animal running semi-erect on its hind 
legs. Some of the most primitive archosaurs had hardly begun the changes 
leading to bipedalism, and some groups never attained this condition. Others, 
having once acquired a bipedal gait, have slumped back to a four-footed pose; 
but even in such forms the group history has left structural marks. 

In the archosaurian bipedal pose the anterior part of the body tilts forward 
at a considerable angle from the pelvis. This posture could not be maintained 
without a tail as a balancing organ, and this structure is almost always long 
and powerful. In addition to its balancing function, it also sheathes powerful 
muscles which move the hind limbs. 

This changed position has entailed many structural changes in the limb 
bones. The entire weight of the body in bipeds is supported from the hips; 
and the sacrum is strongly built, a number of ribs in addition to the primitive 
two usually being incorporated in it. The ilium is elongated, and the acetabu¬ 
lum lies high up near the backbone. The body could not, of course, be sup¬ 
ported in a biped with the legs spread out at the side of the body. Instead, 
the hind legs have been turned forward, giving them a fore-and-aft motion, 
and are considerably straightened, so that essentially they form two long and 
powerful pillars extending from the pelvis to the ground. 

The head of the femur now lies under the upper margin of the socket of the 
acetabulum and no longer pushes in against it, and the bottom of the cavity 
usually becomes open. The femur (Fig. 174), originally straight, develops a 
head at the side of its upper end to fit into the acetabulum, while, part way 
down, an extra process—a fourth trochanter—is often developed for the at¬ 
tachment of tail muscles. The tibia tends to become long, the fibula reduced 
in importance. An extra joint, making for additional speed, may be added to 
the leg by an elongation of the metatarsal elements. The tarsal bones, which 
might become an element of weakness in this new type of limb, tend to be re¬ 
duced, the proximal ones sometimes fusing with the tibia and fibula, the dis¬ 
tal ones becoming associated with the heads of the metatarsals; tliis leaves 
but a single movable joint in the middle of the tarsus. With the forward turn¬ 
ing of the limb, the foot, originally twisted, extends straight forward from it; 
and the central, rather than the lateral, toes tend to be the more highly de- 
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veloped. The third toe often becomes the longest of the set; the second and 
fourth, at either side, slightly shorter. The remaining toes usually become 
comparatively unimportant, the fifth often disappears entirely, while the 
first is sometimes turned backward, apparently acting as a prop. Although 
the comparative length of the toes may be greatly changed, the number of 
joints has tended to remain constant; and in forms as far apart as carnivo¬ 
rous dinosaurs and birds the feet are almost identical in structure and in 
phalangeal formula. 



Fia. 174.—Girdle and limb elements of archosaurs. Above, pelvic girdles: A, The thecodont Aetosaurus; 
B, the Jurassic crocodile Steneoeaurua; C, the Cretaceous pterosaur Fteranodon. Abbreviations: il, ilium; 
is, ischium; p, pubis; sac, sacrum. In C the homologies of the ventral element are uncertain. (A after 
Broom; B after Andrews; C after Eaton.) Loioer left, anterior views of right femur of A, a crocodilian; B, 
a trachodont dinosaur. Abbreviations: fft, greater trochanter for attachment of iliac muscles; h, head, 
fitting into acetabulum; 4, fourth trochanter for attachment of caudal muscles; Lomr right, shoulder 
girdles of archosaurians: A, the thecodont Euparkeria; B, the Jurassic crocodile Steneosaurus; C, the 
sauropod dinosaur Morosaurus. Abbreviations: el, clavicle; icl, interclavicle; pc, precoracoid; a, scapula. 
(A after Broom; B after Andrews; C after Marsh.) 

A characteristic series of modifications takes place in the pubis and ischi¬ 
um (Fig. 174, tap row). Instead of retaining the primitive platelike structure, 
both bones tend to be elongated and directed downward, thus producing, 
with the ilium, a triradiate type of pelvis. This structural feature is probably 
related to the fact that, with the femur playing back and forth close to the 
body, the muscles running to it from these bones must shift fore or idt to 
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gain a longer play. Even the most primitive of archosaurians show at least 
the beginning of this tendency, while some forms have a still more compli¬ 
cated pelvic structure. 

The front legs have naturally become less important with the development 
of the bipedal gait. They are usually considerably shorter and much weaker 
than the hind legs. There is some tendency toward a loss of fingers in the 
more advanced forms, and but two or three of the inner ones may persist. 
Certain dinosaurs which have become quadrupedal again seem to have ef¬ 
fected some secondary redevelopment of the front legs, but even in most of 
these the anterior limbs are much shorter than the hind ones. In the shoulder 
(Fig. 174, lower right) there is only a single coracoid bone, and the scapula 
tends to be rather long and slim. The cleithrum is lost, as in most advanced 
reptiles; and clavicles or interclavicle or both may drop out. 

Skull.—The primitive archosaurs were carnivores with simple, pointed 
teeth set in separate sockets on the margins of the jaws; in contrast with 



Fig. 175. —Vertebrae of the Juravssic crocodile Steneosaurus. Dorsal vertebrae; B, same, anterior 
aspect; C» cervicals; D, same, posterior aspect; E, atlas and axis. Abbreviations: az, anterior zygapoph- 
ysis; c, capitulum of rib; c/, c^, centra of first and second vertebrae (atlas and axis); id, intercentnim 
of atlas; iial, naS, neural arches of atlas and axis; t, tubercle of rib; tp, transverse process of neural arch. 
(After Andrews.) 

most other reptiles, teeth have disappeared from the palatal bones in all ex¬ 
cept a few primitive forms. In some cases there is a tendency for some or all 
of the teeth to be lost and to be replaced by a horny bill, and the cheek teeth 
were sometimes modified for plant feeding. A pineal opening is almost in¬ 
variably absent. With the effect of lightening the skull, an antorbital fenes¬ 
tra is usually present between the orbit and the nostril. The quadrates are 
large and extend far up the back corners of the skull. The two pterygoids 
have tended to meet to form a median plate in the roof of the mouth, with 
palatal vacuities present at either side. In the lower jaw appears a fenestra 
between dentary, angular, and surangular. 

The ribs almost always retain the primitive double-headed condition. But 
a common archosaurian feature is the tendency for the two heads to crowd 
closer together; in the cervical region the capitulum moves back to arise from 
the centrum below the transverse process, and in the trunk both heads may 
arise from the process itself (Pig. 175). 
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Thecodonts. —The characters and tendencies just discussed are seen in 
the various advanced arcliosaur types—the dinosaurs, pterosaurs, and croc¬ 
odiles- and in Ihe primitive birds (which seem clearly derivable from the 
archosaurs). These foi*ins make their appearance in the late Triassic and 
Jurassic. We should expect to find in the strata deposited during the first- 
mentioned period the ancestors of the later ruling reptiles, a common stock 



Fig. 17C. —The skull in thecodonts. J, Dorsal, and B, 
lateral views of Eupariceria, skull length about 6 inches; 
C, palate of Ornithosuchus; pa, palatine. For other abbrevi¬ 
ations see Figure 90. (A, B after Broom; C after Newton 
and von Huene.) 


in which archosaurian charac¬ 
ters were first making their 
appearance. 

Such a group is that which 
we shall here consider as com¬ 
prising the order Thecodontia. 
In it are included a number of 
types of Triassic reptiles which 
vary considerably among them¬ 
selves but which, as a whole, 
show the initiation of archo¬ 
saurian tendencies. 

The two-arched condition of 
the skull had already been ac¬ 
quired by some reptiles in late 
Permian times. The early diap- 
sids which we have treated as 
constituting the Eosuchia are 
possibly ancestral to the primi¬ 
tive ruling reptiles but show 
almost no suggestion of true 
archosaurian characters. 

Primitive thecodonts.— 
Quite in contrast are a number 
of Triassic forms, such as Eu- 
parkeria (Fig. 176, A, B), Orni^ 
thosuchus (Fig. 176, C), and 


SaUoposuchus (Fig. 178), forming the suborder Pseudosuchia. Such types 
are well known from both Europe and South Africa and were probably world¬ 
wide in distribution. They were, in the main, small reptiles with about the 
range of size seen in modern lizards, and the general appearance, as well, may 
have been rather lizard-like. Here, however, the comparison ends, for not 
only the bipedal gait which seems to have been developing but many internal 
features emphasize their position as ancestors of the later ruling reptile or¬ 
ders. 
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These forms were active little carnivores, with sharp teeth set in sockets 
in the thecodont fashion characteristic of the subclass. The skull was long 
and slim, with the nostrils near the front end. In contrast with the two- 
arched reptiles considered in the last chapter, an antorbital vacuity was de¬ 
veloped, the upper temporal opening was comparatively small, the pineal 
eye had disappeared, and the tabulars and postparietals were gone; on the 
under side of the skull, palatal teeth had vanished, palatal vacuities were 
present, and the two pterygoids were in close contact. In all these skull char¬ 
acters the members of this group were typical archosaurs. 



Fig. 177.—Lateral and ventral views of the skull of Chasnatosaurus, a Lower Triassic thecodont with 
primitive palatal structure; length about 18 inches. For abbreviations see Figure 96. (After Broili and 
Schroeder.) 



Fio. 178 .—Saltoyosuchusy a lightly built Triassic thecodont, about 3| feet in length. (From von 
Iluene.) 


In their postcranial skeletons they exhibited the beginnings of archo- 
saurian bipedal tendencies. The hind legs were very much longer than the 
front ones. The pelvis (Fig. 174, Ay upper row)y while always somewhat 
platelike, showed some elongation and down-turning of both pubis and ischi¬ 
um; the metatarsals were somewhat elongated, the third toe tended to be 
longer than the others, and the fifth toe seems to have been considerably re¬ 
duced. On almost all of them there were protecting rows of small bony plates 
down the back. 
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Types such as these were apparently numerous in early Triassic times and 
persisted to the end of the period. It is obvious that they occupy a central 
position in archosaruian evolution. Almost no structural features need to be 
changed to turn some forms into primitive carnivorous dinosaurs, and other 
related genera seem to show the beginning of the secondary palate which 
characterizes the crocodiles. Known forms are somewhat farther in structure 
from the other archosaurian types, but there is nothing in their structure to 
debar them from a position of ancestry to pterosaurs or the “birdlike” dino¬ 
saurs. 

There are numerous variations among the thecodonts from the typical 
pattern described above. Chasmatosaurus (Fig. 177), for example, is a form 

from the Lower Triassic of 
South Africa which was some¬ 
what specialized in the pres¬ 
ence of an overhanging beak 
rather analogous to that of 
rhynchosaurs, but very primi¬ 
tive in its palatal construc¬ 
tion. Palatal teeth were still 
present, and the movable ar¬ 
ticulation of palate with brain- 
case, lost in all typical archo- 
saurs, still persisted. Erythro- 
suchus was a large South Afri¬ 
can Lower Triassic form in 
which bulkiness was the struc¬ 
tural keynote. The body was 
stout, the tail short, the limbs 
comparatively heavy, and the 
palate of the phytosaur Max:haeropro8opus; skull length hind legs but little longer 
about feet. For abbreviations see Figure 96. (After front The skull 

Camp.) 

was comparatively short, al¬ 
though rather high. It has been suggested that the creature was a marsh 
dweller. Its sharply pointed teeth lead us to assume that it was a carnivore, 
but with its clumsy build it is difficult to imagine its source of food supply. 
Aetosaurus of the European Upper Triassic was a small thecodont much like 
those described above except that it had developed a complete incasing 
armor of bony plates. Also heavily armored, but very different in other re¬ 
spects, was Episcopoaaurus [Deamaiomchus] (Fig. 180) of the American 
Triadic. In this large animal, comparable in bulk with the contemporary 
phytosaurs, broad plates had completely covered the back, and the limbs 
were protected by hornlike bony processes which curved down over them 



Fig. 179. —Lateral view of skull and posterior part of 
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and must have hindered an attack by carnivores. The skull was short and, 
while diflSicult of interpretation, not at all like that of phytosaurs. 

Phytosaurs. —^Among the most abundant of fossil reptiles from the later 
Triassic are the phytosaurs. These specialized thecodonts appear to have 
been quite similar in habits and general appearance to the modern crocodiles 
and were ecologically the predecessors of these forms, although not in them¬ 
selves directly ancestral. The skull (Fig. 179) was much elongated in corre¬ 
lation with probable fish-eating habits, and the jaws were armed with a pow¬ 
erful battery of sharp teeth. The position of the nostrils was one seen in 
other water-living types, the external openings being far back, almost be¬ 
tween the eyes. The two openings were close together near the top of the 
skull and were in some cases situated in a sort of crater rising above the level 



Fig. 180.— Above^ Mystriosuchus^ a Triassic phytosaur. Original about 11J feet long. (From Me- 
Ciregor.) Below, Episcopoaaurus [Desmatosuchus], an armored thecodont from the Triassic of North 
America, dorsal view. Part of body illustrated about 12 feet in length. (From Case.) 


of the skull top; this seems to have been a device for breathing with most of 
the body under water. 

The body (Fig. 180) was crocodilian in general shape. The limbs were short, 
and the pelvis primitive in structure. But the hind legs were considerably 
longer than the front ones, although, with the taking-up of an aquatic life, 
these animals had completely given up any aspirations toward bipedalism. 

A considerable variety of these forms— Phyiosaurus^ Mystriosmhiis, 
Machtteroprosoptis^ and many other genera—^were present in Europe and 
North America, although apparently absent from the Southern Hemisphere. 
Almost all are from the Upper Triassic; a single poorly known form from the 
Lower Triassic of Europe appears to be relatively primitive and may be 
leading back toward the more generdized thecodont type. The phytosaurs 
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were comparatively successful for the time but apparently failed in competi¬ 
tion with the crocodiles and disappeared at the close of the Triassic. 

The history of the thcocodonts was a brief one. But their development 
was an event of the greatest importance in the evolution of Mesozoic life, a 
necessary prelude to the later expansion of ruling reptile types. 

Of the forms descended from this group, the dinosaurs and birds will be 
treated in later chapters; we shall include here an account of the other archo- 
saurian orders—^the crocodiles and flying reptiles. 

Crocodiles. —The crocodiles and alligators and their relatives, the order 
Crocodilia, have been among the least progressive of ruling reptiles but 
nevertheless are the only members of the archosaurian stock which survived 
beyond the Age of Reptiles. Derived from the thecodonts in the late Triassic, 
they have undergone comparatively little modification in later times. In gen¬ 
eral body form and in many structural features they are not far from the 
primitive archosaurian type, and in their amphibious mode of life they re¬ 
semble greatly their somewhat distantly related predecessors, the phyto- 
saurs. 

The skull (Fig. 181) in many respects is of a primitive archosaur pattern; 
it is always rather elongate and extremely so in fish-eating types, such as the 
living Indian gavial. The palate, however, is much modified. We have seen 
that in the phytosaurs breathing diflSculties were overcome to a consider¬ 
able extent by shifting the external opening of the nostril far back, the inter¬ 
nal opening beneath consequently lying in the back part of the mouth. In 
the crocodiles the external nares are at the tip of the snout, so that breathing 
can be accomplished even if only this part of the body is exposed, while in¬ 
ternally the danger of shipping water into the air supply is prevented by the 
development of a secondary palate. Below the original inner opening of the 
nostrils the premaxillae, maxillae, and palatines have formed a secondary 
shelf which extends backward parallel to the primary roof of the mouth; the 
air passes back above this new palatal structure to the posteriorly situated 
internal nares. In modern forms even the pterygoids have met in the mid¬ 
line and formed a further prolongation. As a result, the inhaled air does not 
enter the mouth proper at all but passes back separately into the throat, 
which can be closed off by a flap of skin. A similar secondary palate has been 
formed in mammals but almost never developed to the extent seen in the 
crocodiles. 

The general body shape is rather lizard-like, with a long flattened tail 
which is the main swimming organ. In modem forms the vertebrae are not 
hollowed or flat-ended structures but are procoelous. There is always a well- 
developed set of dermal armor plates down the back beneath the horny 
scales, and sometimes down the ventral side as well—a feature which is an 
inheritance from the primitive thecodonts. 
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The modern crocodiles are quadrupeds and, as ordinarily observed, have a 
slow, sprawling gait. Fast locomotion, however, is accomplished with the 
body high off the ground and the limbs straight under the body, as in all ad¬ 
vanced archosaurians; and, while crocodiles are not bipeds, it is suggestive 
that the front legs are always much shorter than the hind. The contrast in 
length was very strongly marked in the earliest Jurassic types, and it is high- 



Fia. 181.—The skull in crocodilians. A, Dorsal, and B, ventral, views of the Jurassic Steneomuru^t 
skull length about 80 inches; C, part of palate of the Eocene Crocodilus affi,nis^ to show posterior move> 
raent of internal nares; Z), lateral view of the Jurassic marine crocodile Geosauriis, skull length about 15 
inches. For abbreviations see Figure 96. (X, B after Andrews; C after Mook; D after Fraas.) 

ly probable that some degree of bipedal locomotion had developed in the ar- 
chosaurian ancestors of the group before a trend toward an aquatic life ap¬ 
peared. In the shoulder (Fig. 174) an interclavicle is retained, but the clav¬ 
icles are lost. The two outer fingers of the front foot are reduced in a common 
archosaurian fashion, while, as in dinosaurs, the carpals are much reduced, 
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leaving only two proximal and one distal element; the proximals are usually 
much elongated (Fig, 182, A). There are but two sacral ribs, a primitive 
feature. The pelvis (Fig. 174) has a triradiate structure, with pubis and 
ischium extending down separately from the acetabular region, much as in 
the saurischian dinosaurs. The crocodile pelvis is peculiar, however, in that 
the pubis has been excluded from the acetabulum by the ischium. The hind 
legs are quite long; as in most archosaurians, there is some elongation of the 
metatarsals, and the fifth digit is reduced to a stump of the metatarsal. But 
the foot (Fig. 182, B) is somewhat divergent from that of many other archo- 
saurs in that the first toe is still in line with the others, the fourth toe is 
slightly reduced, and the tarsus has a joint at its proximal end rather than in 
the middle. 

The Crocodilia may be grouped into four suborders: Protosuchia, very 
primitive Triassic forms; Mesosuchia, the typical Jurassic and Cretaceous 



Fig. 182 . —Limbs of crocodilians. Manus, and B, pes, of the Jurassic AlUgatorellus; C, D, hind and 
front legs of the Jurassic marine crocodile Geosaurus^ The digits are numbered. Abbreviations: c4, fourth 
distal carpal; f, fibula; fe, fibulare; /cm, femur; A, humerus; i, intermedium; p, pisiform; r, radius; re 
radiale; t, tibia; u, ulna; we, ulnare. (A, B after Lortet, C, D after Fraas.) 

families; Eusuchia, more progressive families, particularly of the Cenozoic; 
Sebecosuchia, established for a peculiar South American fossil type. 

Ancestral crocodiles. —^Except for palatal structure and such details as 
the exclusion of the pubis from the acetabulum, crocodile anatomy is not re¬ 
mote from that of their thecodont ancestors; and, unless these features were 
preserved in a specimen, it would be diflBcult to tell an ancestral crocodile 
from a member of the Thecodontia. Several thecodont-like reptiles of the 
later Triassic are thought to be transitional to the crocodiles; and in one case 
—Protosuchus of the Upper Triassic of North America—it seems sure that 
we are dealing with a form in this category. The palate is incompletely pre¬ 
served in the single known specimen, but the pelvis shows clearly the typical 
crocodilian specialization. In other respects Protostwhm resembled the small 
armored thecodont types from which it undoubtedly had been derived. 

Meaosuchians. —^In the Jurassic there appears an abundance of croco¬ 
diles, no longer transitional in nature but definitely members of the order. 
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These forms, and most of those of the Cretaceous as well, show, however, a 
few features in which they are definitely more primitive than surviving 
types. The upper temporal openings were not so small as in living forms; the 
internal nostrils still lay between the palatine bones, for the pterygoids had 
not yet been pressed into service to continue the secondary palate; the verte¬ 
brae still retained flattened or even slightly hollowed ends; and the antorbital 
opening found in many other archosaurs had not disappeared in some cases 
(it is absent in all later crocodiles). These older fossils may be conveniently 
placed in a suborder Mesosuchia. 

The Jurassic is dominantly marine in its sediments, and hence our knowl¬ 
edge of crocodiles of this period is mainly confined to side lines of the group; 
these tend to be long-snouted forms which may, in general, have been fish- 
eaters. Teleosaurus and Steneosaurus (Fig. 181) are representative of a fam¬ 
ily of such crocodiles; these include the oldest-known mesosuchians, for they 
are present in the Liassic deposits of the Lower Jurassic; other crocodiles do 
not appear until later in the period. Pholidosaurus is representative of an¬ 
other long-snouted Upper Jurassic group which appears to have lived in 
fresh waters or estuaries and which may have given rise to Dyrosaurus and 
other genera which persisted into the early Tertiary. 

The teleosaurs were apparently marine but retained much of the normal 
body build of the group f from them not improbably are descended a highly 
specialized marine group which flourished in the later Jurassic. Metriorhyn- 
chus and Geosaurus (Figs. 181, 182) are here considered as mesosuchians, 
but they are so distinctive in marine adaptations that many writers have 
classed them as a separate suborder, the thalattosuchians—sea crocodiles. 
They were unarmored crocodiles in which the limbs were considerably modi¬ 
fied to serve as paddles, The main swimming organ was the tail, which had 
redeveloped into a fishlike tail fin rather similar to that of early ichthyosaurs, 
with the backbone turned down into the lower lobe of the fin, the upper lobe 
presumably being supported by toughened skin. These aquatic crocodiles 
were not uncommon in the late Jurassic seas, but for some reason they do 
not seem to have been so successful as were other reptilian marine types and 
soon disappeared. 

Still further types were present in the late Jurassic. AlligatoreUus and 
Atoposaurus were tiny crocodiles—one less than a foot in length—^with re¬ 
duced armor and with a very short broad skull. In most crocodilians the ex¬ 
ternal nares are united into a single tubular opening; here they are still 
separated by a bar of bone in primitive fashion. Notomchus and Libycosuchus 
of the Upper Cretaceous of South America and Africa are rather larger forms, 
but armorless and with similarly built short skulls, and are possibly de¬ 
scended from the atoposaurs. 

All the families so far mentioned are side branches of the crocodilian stock; 
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the “main line” leading to later families appears to lie through Ooniopholis 
and its allies of the late Jurassic and Cretaceous. The body build was normal 
in its construction; the skull was broad and moderately long, and the second¬ 
ary palate extended farther back than in the more primitive mesosuchians. 

Eusuchians. —In the typical Cenozoic crocodiles we find progressive fea¬ 
tures not present in the mesosuchians. A diagnostic feature (Fig. 181, C) is 
the extension of the secondary palate far back beneath the skull, so that the 
pterygoids, as well as the palatines, enter extensively into its construction. 
The vertebrae, earlier flat-ended, are precocious in structure. The dorsal 
armor is retained, but that of the belly is absent except in some of the alli¬ 
gators. With a few Eocene exceptions, all post-Cretaceous crocodilians be¬ 
long to the Eusuchia. Theii* origins, however, lay in the Mesozoic, for Hylaeo- 
ckampsa of the European Lower Cretaceous was already a small eusuchian, 
presumably derived from the goniopholids. 

Apart from some early specialized genera of the late Cretaceous, all the 
eusuchians may be ranged in three groups, usually considered as families— 
Crocodylidae, Alligatoridae, and Gavialidae. The distinction between the 
three is, however, none too sharp, and family assignments are often none too 
certain. The gavials, with a living representative in the Ganges, have a long 
slender snout, sharply marked off posteriorly from the rest of the skull. In 
the crocodile group the snout may be elongate but is broad as well; it is short 
in the alligators. A key character is the fact that in alligators the first mandib¬ 
ular tooth (and often the fourth as well) bites into a deep pit in the palate; 
in the crocodiles these pits are absent, but the upper jaw may be notched 
for the fourth lower tooth. 

All three families were present in the Eocene in northern continental 
areas, and both crocodile and alligator types were abundant and varied in 
these regions in the early Tertiary; finds from the southern continents, too, 
are not uncommon. The wide early Tertiary distribution of the Crocodilia 
is but one of many lines of evidence suggesting that northern climates were 
at that time much more equable than today. 

Sebecus. —^A peculiarly aberrant form is Sebecus, of the Eocene of South 
America, which fits into neither mesosuchian nor eusuchian suborders. The 
snout, instead of being depressed, is high and narrow, giving the skull much 
the appearance of some of the phytosaurs. There is a secondary palate, but it 
is short and broadly open behind, so that there is no development of the 
typical crocodile tube for the air passages; and the teeth are compressed 
structures like those of predaceous dinosaurs. Relatives are unknown, but 
this genus must have had a long independent history and may possibly prove 
to represent a separate line of evolution from thecodont ancestors. 

Flying reptiles. —^While the archosaurians did not succeed in an inva¬ 
sion of the sea, in the air they had better success, for they not only gave rise 
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to the birds but produced within their ranks a second aerial type—the flying 
reptiles of the order Pterosauria. These curious forms flourished greatly in 
the Jurassic, and some large types survived to late Cretaceous times. Al¬ 
though there presumably were pterosaurs on the continents, practically all 
known remains have been found in salt-water deposits, suggesting a fish- 
catching mode of life somewhat like that of terns today. 



Fig. 18S.— Wiamphorhynchus^ a long-tailed Jurassic pterosaur. About i natural size. (From AVil- 
liston's The Osteology of the Reptilc^^ by permission of the Harvard University I*ress.) 


The structure of the pterosaurs may perhaps be best appreciated by tak¬ 
ing as a type the fairly representative, but rather primitive, Jurassic form, 
Rhamphorhynchus (Figs. 183,184). This little reptile was about a foot and a 
half in length, with a long skull, a short body, a long tail, and, as the most 
striking feature, the development of the arms into elongate wings. Sped- 
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mens found in sediments which preserve many delicate structures show 
no trace of scales (or of feathers); small hairlike structures have been de¬ 
scribed, however. The wings were composed of a membrane of skin, as in the 
bats, but supported only by an attachment to a single elongated finger. 

Skeleton. —The head (Fig. 184) was typically archosaurian in structure, 
although (as in birds) the bones tended to be fused together and the sutures 
obscured. There were two temporal openings, below which the quadrates 
slanted forward so that the jaw articulation lay below the eyes. The orbits 
were large; the nostrils were situated well back on the long beak; the teeth 
were sharp and pointed. These forms appear to have been fish-eaters; Rham- 
pkorhynchus was peculiar in that the teeth sloped forward rather than back¬ 
ward as in most carnivorous reptiles. The neck was elongated and the cervi¬ 
cal ribs small, giving the head great freedom of motion; the trunk, on the 



Fig. 1S4. —LeJU the skull of the pterosaur Rhamphorhynchus; length of originals about 5 inches. For 
abbreviations see Figure 96. (After Jaekel.) Right, forearm and manus of pterosaurs. A, Rhampho- 
rhynchtis; J5, Pterodactylus. The distal digits of the wing finger are omitted. Abbreviations: pt, elements 
supporting the membrane between arm and neck; r, radius; ?/, ulna; 1-4, first to fourth digits. (After 
Willislon.) 

other hand, was very short, with only ten or so dorsal segments; there was a 
long sacral region of more than half-a-dozen vertebrae and an elongate tail. 
This last structure was stiffened by strong ligaments and, as we know from 
impressions, bore a small steering rudder of skin. 

The limbs were, of course, highly modified, the “arms” particularly so; 
many of the bones were hollow and air-filled, as in birds, thus decreasing the 
weight. There was a very large sternum on the ventral surface of the chest 
from which arose (as in birds) the main muscles having to do with wing 
movements. The dermal shoulder elements were absent, but scapula and 
coracoid were well developed. The shoulder girdle was, of course, subject to 
considerable stress during flight and, in this group, tended to be better at¬ 
tached to the body than is usually the case; not only was the bottom of the 
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coracoid propped against the edge of the sternum, but in some pterosaurs 
(cf. Fig. 185) the upper edge of the scapula fitted into a notch on the side of a 
fused series of dorsal vertebrae. 

The humerus was short and powerful, usually with a large process for the 
attachment of breast muscles, the radius and ulna long and placed close to¬ 
gether. The carpus (Fig. 184) was much shortened and reduced and apparent¬ 
ly without much motion in it; there was attached at its front edge a small, 
splintlike pteroid bone which seems to have supported a span of skin running 
up onto the neck. There is no trace of a fifth finger. The other four meta- 
carpals ran out close together to the bases of the fingers. Three of the fingers 
were short but with the normal number of joints and bore small claws at their 
ends. The fourth finger, however, was enormously elongated with four long 
phalanges; this fourth finger formed the entire support for the wing mem¬ 
brane, which ran back to attach along the side of the body and the thigh. 

The pelvic limb was also peculiar in structure. There was the usual long 
ilium of archosaurs, tightly attached to the numerous sacral ribs (cf. Fig. 
174, Cy u'pper row). Below lay a large plate which is sometimes thought to 
represent not only the ischium but the pubis as well. However, anterior to 
this there was attached a T-shaped element which met its fellow in the mid¬ 
line. This is thought by some to have been an extra element, a prepubis; by 
others it is considered to be the pubis itself. The hind legs were moderately 
long but slim and so articulated that it would have been diflScult for the ani¬ 
mal to walk on them in any ordinary manner. 

Flight. —Obviously, flight was the normal mode of locomotion; wing mem¬ 
branes are perfectly preserved in a number of specimens. The action of the 
wings, however, must have been considerably poorer mechanically than in 
birds. These structures were supported only by one elongate finger; and, 
since the membrane was probably fairly soft, no partial movements could 
have been accomplished but merely a flapping of the whole structure. It 
seems highly probable that these forms did not move the wings so much as 
does the average bird but relied more upon a soaring flight for their progres¬ 
sion. An obvious fault in construction appears to lie in the fact that, without 
internal supports in the wing membrane, any break or tear would have 
ruined the whole wing structure. This is in contrast to birds, in which a few 
feathers may be lost without serious results, and to bats, in which several 
fingers are inserted in the membrane. 

It is difficult to see how pterosaurs might have got about when not in 
Alight. Older restorations show them walking about on all fours with the 
wings turned back and the three small front toes on the ground, but the 
structure of the hind legs makes such a pose almost impossible. A bipedal 
mode of progression is out of the question. It seems obvious that the small 
front fingers were used for clutching, and the animals may have rested hang- 
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ing from a limb or a rock ledge. Perhaps, as in bats, the body may have been 
suspended upside down from a branch, in which case the hind legs would 
have made good clutching organs. But it seems difficult to believe that ‘‘emer- 




Fiq. 185. — Above» Pierodactylus^ a smallt short-tailed Jurassic pterosaur. (From Williston^s The Oste^ 
ology of the Reptiles, by permission of the Harvard University Press.) Below, Pteranodon, a giant Cre¬ 
taceous flying reptile; maximum wing spread about 27 feet. (From Eaton.) 

gency landings"* would never have been necessary; and how the animal could 
get itself into the air again from level ground is difficult to understand. 

The brain of the pterosaurs has been revealed by casts. The cerebral 
hemispheres are large for a reptile; very prominent are the regions which 







RULING REPTILES 


227 


have to do with sight, while the olfactory areas are negligible, suggesting 
that, as in the birds, sight was all important and smell almost lost. The many 
other analogies with birds and the real relationship of the two groups within 
the archosaurian stock suggest that perhaps other bird characters may have 
been present. These forms quite probably were somewhat warm blooded, 
for it seems very necessary that there should have been a continual supply 
of energy for flying; and it is not impossible that the “improvements” in the 
circulatory system found in birds may have been present here (they are fore¬ 
shadowed in the crocodiles, the only living archosaurians). 

Rhamphorhynchoids. —^The pterosaurs are divided into two suborders— 
the Rhamphorhynchoidea and Pterodactyloidea. The former, of which Rham- 
pkorhynchus is typical, is the more primitive group, exclusively Jurassic in 
age and including the only pterosaurs known from the early part of that pe¬ 
riod (there are no known Triassic forms). Its members agree in a number of 
primitive features. The originally long reptilian tail was still present; teeth 
were usually well developed; the metacarpals in the wing were comparative- 



Fig. 186. — Ctenochasma, a Jurassic pterodactyloid pterosaur with long jaws armed with numerous 
slender teeth; length about 6 inches. (After Broili.) 


ly short (Fig. 184, A ); the last toe in the foot was unreduced; and the fibula 
was present, although small. 

Pterodactyloids. —But in the Jurassic there had already appeared a 
second, derived group—the pterodactyloids. Pterodactylus (Fig. 185) was a 
small form, some specimens being no bigger than a sparrow. The most promi¬ 
nent difference from the primitive types lay in the fact that there was but a 
stub remaining of the originally long tail. The fifth toe in the hind leg was re¬ 
duced; the wing metacarpals were much elongated (Fig. 184, J5). The denti¬ 
tion was much modified, and the teeth are more slender and delicate struc¬ 
tures. In the related genus, Ctenochasma (Fig. 186), they are exceedingly 
numerous and bristle-like in appearance, suggesting the straining devices 
found in the bill of certain ducks. In Pterodactylus itself the teeth tended to 
be lost from the back part of the mouth at least and presumably were suc¬ 
ceeded by a horny beak. These little pterodactyls appear to have been com¬ 
mon along the Jurassic shores. In the Cretaceous only a few forms survived, 
but among them were remarkable types. The size tended to increase, and 
the skull tended to elongate and to develop a crest extending back from the 
occipital region. Teeth were entirely lost. The culmination of these tenden- 
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cies is seen in Pteranodon (Fig. 185) of the Upper Cretaceous of Kansas, a 
form with a wingspread of as much as 25 feet; a long, toothless beak; and a 
crest nearly as long as the main part of the skull and extending back from the 
head. 

This was the end of the pterosaurs; the group became extinct before the 
dose of the Cretaceous. 

Pterosaur history. —The structure of these forms clearly indicates that 
they were derived, as were other archosaurians, from some member of the 
Thecodontia in which a bipedal gait had been evolved. The arms were freed 
from the necessity of functioning in terrestrial locomotion and were available 
to take up other employment. Possibly, the Triassic ancestors of the ptero¬ 
saurs were small climbing types; and a membrane may have developed, as in 
a number of other tree-dwelling vertebrates, as an aid in planing from tree to 
tree and breaking the fall on landing. The fifth finger was often reduced in 
archosaurians; and the fourth—^the longest of the series—was well adapted, 
after the loss of the claw joint, to support a wing membrane. Why, however, 
the loss of ordinary walking powers should have taken place is not clear. 
Some light may be shed on this and other problems if ever the missing con¬ 
necting types, which must have been present in the Triassic, are found as 
fossils. 

It seems obvio^^^t these forms were not so well adapted for a flying ex¬ 
istence as the birds^^j^e feathered structure of the bird^s wing seems much 
better than the pterosaur membrane. The pterosaurs appeared first in the 
field; for, when the first primitive birds appeared in the Jurassic, the flying 
reptiles were at their peak. But, by Upper Cretaceous times, highly devel¬ 
oped flying birds had been evolved; competition with them may have been 
a factor in the elimination of the last of the pterosaurs. 
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DINOSAURS 


M ost interesting of ruling reptiles, and perhaps the most spectacu¬ 
lar animals of any age, were the dinosaurs. Springing from the 
primitive thecodont stock in the Triassic, dinosaurs were already 
abundant by the end of that period and were the dominant land types during 
the remainder of the Mesozoic. Among their numbers is included almost 
every large terrestrial vertebrate of the Jurassic and Cretaceous. 

The popular conception of the dinosaurs is that of a single group of large 
reptiles. This is, however, inaccurate. Most dinosaurs were lar^e^—^some 
reaching a weight of 40 or 50 tons—but some true dinosaurs bulked no larger 
than a rooster. Further, the dinosaurs were not a single group but were al¬ 
ready divided at their first appearance into two distinct stocks, related only 
in that both were archosaurs descended from the primitive ruling reptiles, 
the Thecodontia. The term ‘‘dinosaur” is thus one which can be used only 
in a popular sense; scientifically the dinosaurs are arrayed in two separate 
orders, defined below. 

Certain of the dinosaurs were carnivores, as had been their thecodont an¬ 
cestors; a majority, however, abandoned this mode of life and became herbi¬ 
vores. All the earlier and more primitive members of both orders were bipeds, 
as were the more advanced thecodonts from which they had sprung. Al¬ 
though a majority remained bipedal until the end of dinosaurian history, 
many herbivorous forms in both orders reverted to a four-footed gait. But 
even if we know nothing of the pedigree of such quadrupedal forms, many 
features of their limb construction would tell us of their descent from bipedal 
ancestors. 

The dinosaurs are divided into two orders, the Saurischia and the Ornithis- 
chia, both included in the subclass Archosauria but no more closely related 
to one another than to the other members or descendants of the ruling reptile 
groups—the crocodiles, pterosaurs, and birds. The distinctions between the two 
dinosaurian orders were clean-cut from the first. A key character (to which 
the names refer) is that, while the Saurischia have the triradiate pelvic struc¬ 
ture (Fig. 187A^B) developed in many thecodonts, the primitive Ornithischia 
tave a two-pro^ed pubis, resulting in a tel^aradia|e type of pelvis (Fig. 187 
C,£). The sauris^ans were priimtivdy carnivwe^and all carnivorous dino- 
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saurs pertain to that order. Some saurischians, however, became four-footed 
plant-eaters and developed into great amphibious forms, among which are 
the largest of all reptiles. The ornithischians, on the other hand, were herbiv¬ 
orous from the first. Many of them remained bipeds; the well-known duck- 




Fig. 187.—The pelvis in dinosaurs: A, 5, saurischians; C~F*, ornithischians. A, The theropod Alio- 
saurus; B, the sauropod Camarasaurus; C, ThesceloaauriLSy a primitive ornithopod; D, Monodomust a 
horned dinosaur; E, Stegosaurus; F, Ankyhsaurus, a Cretaceous armored form. Abbreviations: a, acetabu¬ 
lum; ap, anterior process pubis; il» ilium; is, ischium; p, pubis. (A, E after Gilmore; B after Marsh; D, 
F after Brown.) 

billed dinosaurs of the Cretaceous are end-forms of this line. But in this order 
also there was reversion to a quadrupedal gait in various armored types and 
the horned dinosaurs of the Cretaceous. 
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Saurischians. —The order Saurischia perhaps merits first consideration, 
since many of its members were still exceedingly close in structure to the 
small bipedal thecodonts from which all the dinosaurs presumably sprang. 
The typical triradiate pelvis is present in all members of this order. A major¬ 
ity of the group, including all the more primitive forms, were bipedal and 
carnivorous. Almost all (in contrast with ornithischians) Had teeth present 
throughout the length of the jawi;. The teeth were, in general, of a simple na¬ 
ture, primitively sharp concial structures but compressed and knifelike in 
some of the carnivores and blunted in herbivorous types. In correlation with 
the usually carnivorous mode of life, the end-phalanges were generally com¬ 
pressed and curved, indicating the presence of powerful claws. 

Various systematic arrangements of the order have been proposed. We 
shall here use a conservative classification which divides the saurischians in¬ 
to two suborders: the Theropoda, including all the bipedal forms, mainly 
carnivorous in habits; and the Sauropoda, constituting a side branch of large 
quadrupedal, herbivorous, and amphibious types. 

Primitive iheropods. —The theropods (using this term in a broad sense) 
include all the characteristic terrestrial reptilian carnivores of the late Trias- 
sic, Jurassic, and Cretaceous. These reptiles were flesh-eating successors to 
the carnivorous synapsids of the Permian and early Triassfc (to be described 
in a later chapter) and ecologic predecessors of the carnivorous mammals of 
the Cenozoic. All were bipeds, with long hind legs which tended to assume a 
rather birdlike structure and with short front limbs in which the outer digits 
were usually much reduced. The numerous theropods may be divided for 
convenience into three infra-ordinal groups: the Coelurosauria include small, 
slightly built, primitive forms and their relatively unspecialized descendants; 
the Carnosauria, the larger flesh-eaters; the Prosauropoda, the bipedal an¬ 
cestors of the sauropods. 

Most primitive of saurischians were a number of small coelurosaurs of the 
late Triassic and Jurassic. Typical genera were Procqmpsognathus of the Eu¬ 
ropean Upper Triassic; the contemporary American Podokesaunts:sLnd Comp- 
sognathus and Ornitholestes (Fig. 188), which occur in the late Jurassic in 
Europe and America, respectively. All were of small size; Podokesaurus^ 
even including the long tail, was little over a yard in length; Compsognathus 
was even smaller. These little forms were obviously active, fast-running bi¬ 
peds. The lightness of their build was emphasized by the fact that many of 
the vertebrae and limb bones were hollow and presumably (as in birds) filled 
with air spaces. 

The skull^carly theropods (Figs. 188, 189) was, in general, fairly smal l ' 
in comparison to the size of the body, and lightly built. In most respects the 
cranial structure was very similar to that of such thecodonts as Ornithosmhus 
and Euparkeria. Such characteristic archosaurian structures as a large ant- 
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orbital opening and a fenestra on the outer side of the jaw were present both 
here and in later and more specialized saurischians. The thecodont (socketed) 
teeth were long, sharp, often somewhat compressed and recurved, and usual¬ 
ly well adapted to a carnivorous diet. 

The vertebrae were primitively amphicoelous or with flat ends on the cen¬ 
tra (platycoelous); in Jurassic and Cretaceous saurischians, opisthocoelous 
vertebrae were common, particularly in the front end of the vertebral col¬ 
umn. The backbone included about ten rather elongate cervicals, thirteen or 
so trunk vertebrae, usually four sacrals united with the expanded ilium, and 
a long, slim tail. Seemingly, the neck was held well erect, with the head bent 
forward at a right angle. The tail served as a balancer and (as indicated by 
many specimens of footprints of carnivorous dinosaurs) was held clear of the 



Fig. 188. — OrnitholesUs^ a small late Jurassic carnivorous dinosaur (coelurosaur), about 6 feet long. 
(From Osborn.) 

ground. In many theropods the tail was stiffened by long processes which ex¬ 
tended forward from each prezygapophysis to interlock with the preceding 
vertebra. Slim ventral ribs have been found along the belly in many speci¬ 
mens. 

The theropod pelvic girdle (Fig. 187, A) was of a simple triradiate pat¬ 
tern. The j^bis was presumably rather broad in the most primitive thero¬ 
pod ancestors but generally had the form of a long, slim rod somewhat 
dilated distally, and the ifehiunx was similarly elongated. The acetabulum 
was widely perforated to receive the head of the femur, in contrast to the 
solid build of this area in most reptiles; this is one of the few characters by 
which the early theropods can be distinguished from their more primitive 
thecodont relatives] The hind l ey were long and slim and presumably were 
restricted to a straight fore-arid-^ ty^ of movement, with a high develop- 
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ment of the adaptations for bipedal locomotion discussed in the preceding 
chapter. The iR?mur in primitive theropods was generally somewhat shorter 
than the tibia; in life this would have resulted in the development of consider¬ 
able speed, a short swift stroke of the thigh muscles being accompanied by a 
long swing of the tibia (in slow and ponderous tetrapods the femur is long, 
the tibia short). In the foot_(Fig. 190, A, lower row) the fifth toe (as in most 
ai^hosaurs) had been reduced to a short metatarsal with, at the most, a ves¬ 
tigial nubbin or two representing the digits. In many theropods the first toe, 
as well, was considerably shortened and tended to be set off at an angle from 
the other three. In the second to fourth toes the metatarsaW tended to be 
much elongated and closely appressed, and the central digit was somewhat 



Fia. 189.—The skull of the Triassic saurischian dinosaur Plateosaurus; length of original about 13 
inches, p/r. Prefrontal; #o, supraoccipital. For other abbreviations see Figure 96. (After von Iluene.) 


longer than its neighbors, resulting in a very birdlike foot structure. So simi¬ 
lar are the feet of theropods to those of their avian relatives that when nu¬ 
merous dinosaur footprints were discovered a century ago in the Triassic 
rocks of the Connecticut Valley they were thought to pertain to ancestral 
birds. 

The shgidde r girdle in these and other dinosi^ur types (Fig. 174) consisted 
merely of an^^bngated scapula and a single rounded coracoid. Almost never 
is there any trace in dinosaurs of the dermal elements found in the shoulder 
girdle of more primitive reptiles. The front limb was much shorter than the 
hind. In every known form the fifth digit had been much reduced (Pig. 190, 
-4, up'per row). The remaining four fingers were all still well developed in 
PfocompsognOfhua; but in the Jurassic genera the fourth digit was also re- 
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duced, leaving only the three inner ones functional. Presumably the front 
limb was used little, if at all, in supporting the body (except in a resting 
pose) but may have aided in feeding. 

There were a number of small coelurosaurs of this general type in the latter 
part of the Triassic. They appear to have been not far from the ancestral 
thecodonts in most structural features and in some cases can scarcely be dis¬ 
tinguished from members of that group. In the Jurassic such forms were 
comparatively rare and were tending to specialize in various directions. Comp- 
sognathus, known from a skeleton from the lithographic stone of southern 



Fig. 190.— Above, the manus in saurischian dinosaurs: A, Yaleosaurus [Anchisaurus]', B, Struthiomi- 
mus; C, AUosaurus; D, Gorgosaurus; E, Diplodocus, {A after Marsh; B, E after Osborn; C after Gilmore; 
D after liambe.) Below, the pes of saurischian dinosaurs: A, Yaleosaurus; B, Strufhiomimus; C, AUo- 
saurus; D, Camarasaurus. (A after Marsh; B after Osborn; C, D after Gilmore.) 

Germany, is the only well-known European Jurassic type. This was a very 
small and lightly built dinosaur with about the bulk of a fowl. In the manus 
there were three well-developed digits, subequal in length, and vestiges of the 
two outer ones. Ornitholestes of the late Jurassic Morrison beds was a con¬ 
siderably larger reptile, with a total length of about 6 feet and a rather stout¬ 
er build. Here only the three inner digits of the manus were preserved; the 
pollex was shorter than the others and somewhat divergent; seemingly, this 
form had developed a grasping type of hand. The obvious agility of this little 
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dinosaur and the clutching power of the hand led to a belief that this form 
might have preyed upon the contemporary primitive birds (a suggestion 
preserved in the generic name). This is improbable; presumably, small rep¬ 
tiles such as lizards and perhaps the small early mammals may have been 
the staple articles of diet of this and other tiny dinosaurs. 

Ostrich-like dinosaurs. —^Almost no remains of such small coelurosaurs 
are known from Cretaceous deposits, but their descendants are to be rec¬ 
ognized in Ornithomimus and Struihiomimus (Fig. 191) of the North Ameri- 



Fio. 191.— Struihiomimus^ an ostrich-like Cretaceous saurischian dinosaur, about 5 feet in height. 
(From Osborn.) 


can Cretaceous and related Old World contemporaries. Struthiomimtis was 
about the size of an ostrich and (as the name implies) not unlike that bird in 
general p]ppportions, with very long, slim hind legs, a long neck, and a small 
head. Thfe^poi (Fig. 190, B, lower row) was three toed and very birdlike. The 
three metatarsals were very long and closely appressed; the central one was 
much reduced proximally, its neighbors taking over most of its weight-sup- 
porting function. Despite the fact that these forms were obviously purely 
bipedal in habits, the front limbs were quite long. The three inner fingers 
were "fiClf well developed, and the first was seemingly opposable to the other 
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two, forming an effective grasping organ (Fig. 190, B, upper row). The skull 
was quite small and very lightly built, with a superficially birdlike appear¬ 
ance. This resemblance is greatly heightened through the fact that, almost 
alone among dinosaurs, Struthiomimus and its relatives had entirely lost their 
teeth and presumably had replaced them functionally with a horny bill. The 
jaws were short and weak. 

The odd combination of specializations found in these ostrich-like forms— 
great swiftness, a grasping ability in the well-developed “hands,*’ and the 
weak and toothless jaws—^has caused considerable discussion as to their 
mode of life. The happiest idea put forward was that these forms made a liv¬ 
ing by robbing eggs from the nests of other dinosaurs. Teeth are unnecessary 
for egg-eating, and the shell can be effectively broken with a horny beak; the 
“hands” would be of great use in handling the eggs; and the speed was neces¬ 
sary to escape the enraged parents! As if in confirmation of this suggestion 
came the subsequent discovery in Mongolia of a crushed skull of an ostrich¬ 
like dinosaur in a nest of fossil eggs belonging to a dinosaur of a different 
group. It would almost seem as if this reptile had actually been caught in the 
act of egg-stealing. 

Larger carnivorous types. —While the ancestral theropods were pre¬ 
sumably small forms, such as those described above, more powerful carni¬ 
vores—^the Carnosauria—^began to make their appearance at an early date. 
A number of carnivores with a much larger size and a heavier build have 
been described from the Upper Triassic of South Africa, and there are nu¬ 
merous footprints (but unfortunately few adequate skeletal remains) of other 
large dinosaurs in beds of that age in Europe and North America. Many of 
these types are probable ancestors of the sauropods. However, Teratosaurus 
[Zanclodon], a large form from the Triassic of Europe which is incompletely 
known, was distinguished from most of its contemporaries by the possession 
of a skull very large in proportion to its body and by large, compressed, and 
recurved teeth. It is from some such form that there arose the large flesh¬ 
eating dinosaurs of the Jurassic. 

There are numerous scattered finds, in European deposits representing 
nearly every stage of the Jur&ssic, to which the generic term Megatosaurus 
is usually applied. Most of these remains are, however, fragmentary and tell 
us little beyond the fact that large flesh-eaters were abroad in the land. Well- 
preserved specimens of large Jurassic carnivores are found only in the Mor¬ 
rison beds of North America; from these beds have been obtained nearly 
complete skeletons of AUosaurus and Ceraiosaurus. 

Alhsaurus was an animal with a total length of about 34 feet; it was seem- 
ingly powerful enough to have attacked any of its herbivorous contemporar¬ 
ies, even the giant sauropods. The skull (Fig. 19^), in contrast with that of 
most smaller or earlier theropods, was quite large in proportion to the body; 
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the^eth were large and sharp, the jaws long and deep. A curious feature is 
found inthe fact that the quadrate was loosely united to the other skull ele¬ 
ments, and there appears also to have been some possibility of movement 


between the frontal and the pari¬ 
etal bones. Apparently, this was 
an adaptation for bolting large 
masses of flesh—a type of struc¬ 
tural modification which we have 
seen carried to an extreme in the 
snakes and which is also present 
to some extent in birds. 

The body was rather massively 



built. The neck vertebrae were 
opisthocoelous, and extra articu¬ 
lations, in addition to the normal 
zygapophyses, tended to add to 
the strength of the backbone. 
The hind legs, in correlation with 
the size of the creature, were 
stout and only moderately long, 
and the femur was somewhat 
longer than the tibia. The meta¬ 
tarsals were rather short, but 
otherwise the foot (Fig. 190, C, 
lower row) was quite birdlike, with 
three well-developed toes and a 
small first toe turned backward 
as a prop, mu^ as in many 
avian types. ThV^ont limb was 
short but fairly stoutly built, 
with three spreading, claw-tipped 
digits (Fig. 190, C, upper row); 
it was obviously not a supporting 



structure but may have been of Fig. 192 . —The skull of carnivorous iheropods. 


considerable use in feeding. 

Ceratosaurus was a somewhat 
smaller type in which the most 
striking feature was the develop¬ 
ment of a small median horn 
onjybtfu noe a l bo nes. There was 


^ 460 ^ 6 , Ornitholestes, a small Jurassic coeliirosaur, the 
braincase imperfect; original about 6 inches lon^. 
(After Osborn.) Center, AUosaurua, a large late Jurassic 
carnosaur; length of original about 27 inches. (After 
Gilmore.) Below, Tyrannoeaurua, a late Cretaceous 
carnosaur; skull length about 50 inches. (After Osborn.) 
For abbreviations see Figure 96. 


a somewhat more prt^pressive omidition in the feet of this form, for all 


three metatarsals had partly fusedNI^ form a single sdid Irane. This is paral- 
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lei to the development seen in birds, in which these elements have fused 
completely; but the process of fusion was carried no fm-ther in any known 
dinosaur. The front foot of Ceratosaurus was, on the contrary, comparatively 
primitive, for there was little reduction of the outer two digits. 

Little is known of the carnivores of the early Cretaceous, and it is doubt¬ 
ful whether the Jurassic carnosaurs gave rise to the typical large carnivores 
of the later part of that period. From them, however, may have been de¬ 
rived Spinosaurus of the Cretaceous of Egypt. This large flesh-eater is poorly 
known but was remarkable in that the neural spines were greatly elongated, 
rather after the fashion of some of the Permian pelycosaurs described in a 
later chapter; some spines had a length of about 6 feet. 

Cretaceous carnivores. —^The characteristic carnosaurs of the late 
Cretaceous were the still larger and more powerful deinodonts, of which 



Fig. 193. — Gorgosaurus, a gigantic Cretaceous thcropod dinosaur; lenglli about 29 feet. (From 
I^ambe.) 


Tyrannosaurus (Fig. 192), Deinodon, and Gorgosaurus (Fig. 193) of western 
North America are the best-known forms. Tyrannosaurusresiched alenglh. of 
some 47 feet and stood about 19 feet high in walking pose, while Deinodon 
was nearly as large. These reptiles were the largest terrestrial flesh-eaters 
known from any period in the history of the world. The body was heavy in 
its construction, and the hind legs were massively built. The metatarsals 
were moderately elongated, and (as in the contemporary ornithomimids) the 
middle one was much reduced in size. The front legs were absurdly small and 
weak and seem to have been practically useless; they were too short to reach 
the mouth and seemingly too weak to have been of any assistance in seizing 
or rending the prey. Only two small digits were present in Gorgosaurus (Fig. 
190, Z), upper row)^ and probably the same was true in Tyrannosaurus. 

The skull was very large and massively built, with the fenestrae of small 
size. The jaws were armed with powerful teeth, some half a foot in length, re- 
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curved, and with serrate edges. The cervical vertebrae, which bore the 
weight of the heavy head, were short and broad. 

These forms, although agreeing with the megalosaurs in many adaptive 
features, are thought by some not to be their descendants. Certain structural 
features, such as the metatarsal construction mentioned above, suggest that 
they represent a parallel development from the primitive stock of small bi¬ 
peds. Some comparatively small deinodonts (one with a skull only 8 inches 
long) from the Upper Cretaceous seem to be rather primitive in character 
and may represent transitional types. 

The reign of the deinodonts was a brief one, for they disappeared at the 
end of the Cretaceous. Their extinction was obviously consequent upon the 
extermination of the herbivorous dinosaur types, which presumably formed 
their food supply. 

Sauropod ancestors. —^We have still to consider the history of the sauro- 
pods—^Jurassic and Cretaceous saurischians which became herbivores, re¬ 
verted to a quadrupedal pose, and reached gigantic proportions. The ances¬ 
tors of these forms are unquestionably to be sought among the larger Trias- 
sic theropods which may appropriately be termed the Prosauropoda. 

A first step in sauropod development is perhaps illustrated by Yaleosaurus 
[Anchisaurus] of the Upper Triassic of North America. This was a small dino¬ 
saur (the largest specimen was but 7 or 8 feet long), and many of the bones 
were still hollow in coelurosaur fashion. There are many suggestions, how¬ 
ever, of sauropod relationships. The teeth were comparatively blunt and 
straight; and the jaw was short, the quadrate slanting forward as well as 
down to reach the jaw articulation; these are sauropod features. Highly sug¬ 
gestive is the persistently primitive construction of the limbs. Despite the 
small size of this animal, the hind legs were comparatively short and clumsy 
and the metapodials were not greatly elongated (Fig. 190, A, lower row). 
While the fifth toe had been reduced, the other four were all well developed; 
and the hallux was not, as in the majority of carnivores, turned back and 
separated from the three middle digits. The front legs were comparatively 
little shortened; they were still about two-thirds the length of the hind limbs 
and were stoutly built. The fifth digit in the hand (Fig. 190, A, top row) 
was considerably reduced, and the fourth reduced to some extent as well. 
Probably these forms were not purely bipedal in habits and retained the pos¬ 
sibility of walking on all fours. 

Farther along the line toward the sauropods was Plateosaurus (Figs. 189, 
194) of the Upper Triassic of Germany, a much larger form, of which com¬ 
plete skeletons with a length of as much as 20 feet are known. The build of 
the body was quite clumsy and ponderous, with much the same set of struc¬ 
tural features as those found in Yaleosaurus. The head was very small in pro¬ 
portion to the bulk of the bodyi as in the sauropods themselves. 
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Sauropods. —^From such types seem to have descended the sauropods of 
the Jurassic and Cretaceous, a series of forms which include not only the 
largest of all reptiles but the largest four-footed animals of any time. Among 
the better-known sauropods are Apatosaurus [Brontosaurus], Diplodocus 
(Figs. 195, 196), and Camarasaurus (Figs. 195, 196)—^forms whose remains 
are among the most spectacular attractions of many museums. 

The most obvious contrasts between the sauropods and their carnivorous 
relatives lie in the quadrupedal pose of the body and in the bodily propor¬ 
tions. The sauropods were massively built, with powerful limbs (the front 
ones almost always considerably the shorter), a long tail, and a long neck 
terminating in a small head. 



Fia. 194 .—Plaieosaurusf a Triassic ancestor of the sauropod dinosaurs; length about 21 feet. (From 
von Hueiie.) 


The skull (Fig. 196) in sauropods seems absurdly small in proportion to 
the size of the animal. It was generally quite lightly built, with large tempo¬ 
ral fenestrae and a large antorbital opening (there was a second smaller one 
in Diplodocus), The orbits were of good size and were situated high up on the 
side of the head. In Camarasaurus the external nares were very large and 
reached high up on the short skull; in Diplodocus the two openings were fused 
and situated at the top of the skull between the eyes. The position of these 
organs, analogous to that in many water-living tetrapods, suggests an am¬ 
phibious mode of life for the sauropods; the animal could breathe and look 
about with only the top of the head exposed above the water. 

Ti& jaws were short and weak, the quadrate slanting downward and for¬ 
ward to the jaw articulation. This^^th.were small and slim, peglike or spoon- 





saurs (87^ feet). (From Holland.) Belotc^ Camarasaurus, a comparatively small late Jurassic sauropod 
dinosaur; original of figure about 18^ feet long. (From Gilmore.) 
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shaped; there were seldom more than a dozen or so in each jaw half. It seems 
almost impossible that this dental and jaw apparatus could have been capa¬ 
ble of cropping enough fodder to supply such a huge body, although the food 
material may have been some soft type of water vegetation which could be 
eaten with little effort. 

The brain was small in size in all dinosaurs but excessively so, propor¬ 
tionately, in the sauropods, in which the endocranial cavity was but a small 



Fio. 196.—The skull of sauropods. Above, Diplodocue, lateral, dorsal, and palatal views; length about 
2 feet. (After Holland.) Below, Camarasaurue, length about 1 foot. (After Gilmore.) pas, Parasphenoid. 
For other abbreviations see Figure 96. 


recess in the posterior part of the small skull. Presumably the brain had few 
functions other than working the jaws, receiving sensory impressions, and 
passing the news back down the spinal cord to the pelvic region, from which 
originated the nerves working the hind legs. Here there was situated an en¬ 
largement of the spinal cord several times as big as the entire brain. 

A monumental construction of the tiackbone was required to carry the 
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weight of the enormous body and transfer it to the legs. The anterior verte¬ 
brae, which had only the tiny head to support, were small; but in the trunk 
the centra of the vertebrae become progressively massive as we pass up over 
the arch of the back to the hip region. The neural spines, low in front, in¬ 
crease rapidly in height and reach a maximum at the top of the arch just in 
front of the pelvis. Presumably an interlacing series of ligaments and tendons 
passed between these spines and helped to strengthen the back. In many 
sauropods the neural spines of the anterior vertebrae were cleft at their up¬ 
per ends, and probably a stout longitudinal ligament lay between the two 
prongs. 

But the dead weight of the backbone itself was a great burden; in correla¬ 
tion with this we find that adaptations had developed which greatly de¬ 
creased the weight of the vertebrae (Fig. 197). These 
structures were generally cavernous; great areas were 
hollowed out at the sides of the centra and arches; 
these were presumably filled with air sacs connecting, 
as in birds, with the lungs. Weight was thus much re¬ 
duced, but all the essential framework of the vertebrae 
was left intact. 

The pelvic elements (Fig. 187, B) were short but 
stoutly constructed; the ventral elements had more of 
the primitive platelike aspect than was the case in most 
theropods. The hind-limb bones were massive, with 
the femur considerably longer than the tibia; presumably 

the limbs extended straight down from the body in ele- vertebra of the sauropod 

, ,. AT. n . 1 11 1 dinosaur Diplodocua. 

phantine fashion. Ihe front legs were generally much (After Hatcher.) 
shorter than the hind, a feature suggestive of the prob¬ 
able bipedal ancestry of the sauropods. They bore less of the weight than the 
hind limbs and may have been less straight, the elbows projecting somewhat. 
In both front and hind feet (Fig. 190) the metapodials and phalanges were 
short, stout, and spreading; footprints show that the limbs terminated, as in 
elephants, in a broad pad in which the toes were incased. The details of foot 
construction are poorly known in most cases, but from one to three of the 
digits in each foot bore a large projecting claw, which presumably was of use 
in preventing slipping. 

.The pose of sauropod limbs has been a much debated subject. It has been 
argued that, since in most reptiles the femur projects sideways from the 
body, the sauropods, too, should be mounted in this fashion. As a matter of 
fact, this cannot be done without doing violence to the articular surfaces of 
the bones. But, more than this, it would have been impossible for the animal 
to have supported an enormous weight with any type of limb other than a 
straight column. With the limbs sprawled sideways, no mere muscles could 



Fig. 197.—A dorsal 
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have withstood the direct pull of the score or more of tons that the hind legs 
of a big sauropod had to support; the animal would have sagged to the 
ground. 

But, even granting the columnar position of the legs, it is difficult to see 
how these dinosaurs ever walked on land; the elements of physics show that 
there are natural limits to the possible size of a four-footed vertebrate. 

An elephant does not and cannot have the slim limbs of a gazelle; Deinodon 
and Tyrannosaurus could not have the slender hind legs of the little coeluro- 
saurs. The weight of an animal varies in proportion to the cube of a linear 
dimension. But the strength of a leg, like that of any structural supporting 
element, is proportionate to its cross-section, which increases only by squares. 
If a reptile doubles his length, his weight is approximately eight times as 
great, but his legs are but four times as strong. Hence in large animals the 
bulk of the legs must increase out of all proportion to the rest of the body. 

The legs of sauropods were large, but, even so, it seems doubtful whether 
they could have borne so many tons of weight. For this reason, as well as be¬ 
cause of cranial features noted earlier, it appears probable that the sauropods 
were amphibious types which spent most of their lives in lowland swamps 
and lagoons, where they were buoyed up by the water, and problems of sup¬ 
port and locomotion were greatly simplified. 

Sauropods are unknown in the Triassic, although we have noted some seem¬ 
ingly ancestral types, and some later Triassic South African forms ap¬ 
pear to have been even closer to the sauropod condition. In the older part of 
the Jurassic there are fragmentary remains, particularly in Europe, to most 
of which the name Cetiosaurus has been applied. In the Morrison beds of 
North America and beds of similar age in East Africa have been found a con¬ 
siderable number of well-preserved specimens of a variety of sauropod types. 
Camarasaurus of North America was a comparatively small and unspecialized 
form. Apatosaurus [Brontosaurus] was abulkier relative, which reached a length 
in one specimen of some 67 feet and an estimated weight of perhaps 30 tons. 
Diplodocus was a slimly built form, which may not have been nearly so heavy 
as the last but which, with a whiplash at the end of his tail, reached the record 
for length—feet. Brachiosaurus, known both from North America and 
East Africa, was the real giant of the group. The tail was comparatively short, 
but, even so, the body may have been close to 80 feet in length. The body 
was extremely stout, and (in contrast with almost all other sauropods) the 
front legs were long. Above the shoulders there extended a long neck which 
could place the head above the level of the roof of a three-story building; this 
build presumably was an adaptation for life in deep waters, A rough guess 
at the weight of this great animal would be somewhere close to 50 tons. 

It is probable that sauropods were still abundant in Lower Cretaceous 
times, although there are relatively few fossiliferous deposits. In the Upper 
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Cretaceous, sauropods are rare in the northern continents; for example, only 
two specimens have been found in all the rich dinosaur beds of the North 
American deposits of that age. In India and the southern continents, how¬ 
ever, Titanosaurus and related genera seem still to have flourished at this 
time. 

The decline and final disappearance of these great reptiles may perhaps 
be correlated with geologic events. Their environment seems to have been a 
restricted one and if, as seems likely, continental elevation toward the end of 
the Mesozoic greatly reduced the area of the lowland swampy regions in 
which the sauropods dwelt, their extinction was almost inevitable; changes 
taking place in the vegetation at this time may also have been of great im¬ 
portance. 

Ornithischians. —^Members of the second order of dinosaurs, the Ornithis- 
chia, never reached the size attained by some of their saurischian cousins 
but are perhaps of even greater interest because of the variety of bizarre 
types into which they developed. The most characteristic feature of the or¬ 
der, one by which the skeletons of these fornis may be told at a glance, was 
the tetraradiate type of pelvis (Fig. 187). The ilium and ischium were rough¬ 
ly comparable in shape and position to those elements in the saurischians, but 
the pubis was peculiarly constructed. Its main portion had not only rotated 
downward but also backward, so that it lay parallel to and close beside the 
ischium, while—presumably in relation to the need for support of the abdo¬ 
men—a broad new process had developed which projected forward and out¬ 
ward ^ong the margin of the belly. 

The limbs in ornithischians were never so efficiently developed for bipedal 
locomotion as those of the theropods, and the front legs were never so much 
reduced or shortened as in those forms. It is probable that few ornithischians 
were entirely bipedal in habits; the front legs were very likely used in loco¬ 
motion at times in even the most lightly built types. A great number of 
ornithischians, apparently representing several independent phyletic lines, 
reverted completely to a quadrupedal gait. V ' 

The ornithischians were, even at their earliest appearance, herbivorous 
forms. The teeth were generally leaf-shaped, with crenulated edges. In only 
a few known genera were there teeth in the front part of the mouth; in the 
vast majority this region was toothless and presumably covered with a horny 
beak. In the lower jaw the beak capped a median predentary bone, an ele¬ 
ment not found in any other reptilian group. 

The Ornithischia may be divided into the foUowingsuborders: (1) Ornithop- 
oda, bipedal forms; (*) the Stegosauria, quadrupedal forms with a double 
row of protective plates and spines down the back and tail; (8) the Ankylo- 
^uria, heavily armored, rather turtle-like quadrupeds; and (4) the Ceratop- 
sia, horned dinosaurs. 
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Primitive ornithopods. —Camptosaurus (Fig. 198), common in the late 
Jurassic and early Cretaceous of Europe and North America, may be used 
as a basis for the consideration of the ornithopods, the most primitive of 
ornithischian suborders; some of its contemporaries and predecessors were 
smaller and somewhat more primitive in structure but are less adequately 
known. Various specimens of this genus show a range in length of from 7 to 
17 feet. 



Fia. 198.— Camptosaiirusy a Jura.ssic ornithopod. Above, the skeleton. Below, dorsal and lateral views 
of the skull; length about 16 inches. For abbreviations see Figure 96. (After Gilmore.) 


The Aull was long and low and, as compared with saurischians of similar 
dimensions, rather heavy in its construction. An antorbital opening was pres¬ 
ent but was of small size. The Eternal nares were oval openings much larger 
than those of most reptiles and were nearly completely surrounded by the 
enlarged premaxillae; the nasals, which bounded them above, were also 
elongated and stretchecLback along the top of the skull to the level of the or¬ 
bits. An extra element, a kupraorbital Jbone^ lay in the upper anterior margin 
of the orbit. 




DINOSAURS 


247 


As in sauropods (but in contrast with carnivorous dinosaurs), the jaws 
were rather short and did not reach the full length of the skull. The lower 
jaw was heavily built; and a powerful musculature is suggested by the fact 
that a coronoid process (seen elsewhere among reptiles only in placodonts 
and mammal-like forms) extended up beneath the edge of the cheek region 
of the skull for the attachment of the temporal muscles, while a process pro¬ 
jecting back from the articular region was developed for the muscles open¬ 
ing the jaws. There was a well-developed predentary bone in the lower jaw. 
The front part of the mouth was toothless and presumably covered by a 
horny beak; the teeth were confined to a single row in the cheek region. 
Teeth, however, were still present in the premaxillary region in a smaller con¬ 
temporary.*^ 

The normal position of the body was presumably the bipedal one, with the 
neck well erect, for the occipital condyle of the skull projected downward 
rather than backward, indicating that the head was held at right angles to 
the backbone. The lieck vertebrae were opisthocoelous in Campiosaurus, as 
were the anterior trunk vertebrae also in many more advanced forms. 
The arch of the back was stiffened in ornithopods by a latticework of tendons 
which (particularly in the duck-billed dinosaurs) were often ossified and 
thus preserved in fossil specimens. 

The primitive ornithopods had the typical tetraradiate type of pelvis de¬ 
scribed above (Fig. 187, C). The ilium was considerably lengthened; 
both pubis and ischium were greatly elongated and of subequal length, 
and the former bone had a long anterior process. The limbs in Campiosaurus^ 
as in ornithopods in general, were somewhat more massive and shorter than 
those of saurischians of equal size; presumably in these herbivores the de¬ 
mand for speed was not so great as in carnivorous types. The tibia never ex¬ 
ceeded the femur in length; and, although the ornithopods were digitigrade 
types, walking on their toes rather than on the flat of the foot, the meta- 
podials were but little elongated. In primitive ornithischians, as in sauris¬ 
chians, tfee fifth toe was functionless, and the first was reduced in length (Fig. 
199, D). Clares appear to have been present but were usually rather blunt. 

The front legs were not so short as in most bipedal saurischians; in Campto- 
sauTus they were about two-thirds the length of the hind limbs. All five digits 
were present, but in even the most primitive of known ornithischians the 
outer two were reduced, much as in the early theropods (Fig. 199, A), The 
terminal phalanges of the manus in Campiosaurus and more advanced forms 
were broadened and presumably were covered by small hoof-like structures 
rather than claws. Very probably the front legs were used for support while 
feeding or walking slowly. 

In contrast with the saurischians, the ornithischians were rare in the early 
days of dinosaurian histdry. There are no intermediate types known which 
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might serve to connect them with any of the better-known thecodont fami¬ 
lies. From the Triassic there is only a single fragmentary specimen which 
appears to pertain to the present order, and we know almost nothing of ornith- 
ischians during most of the Jurassic. A number of forms, however, appear in 
late Jurassic and early Cretaceous deposits in both Europe and North 
America. 

Hypsilophodon of the Lower Cretaceous Wealden beds of Europe is among 
the most primitive of known ornithopKids. This animal was scarcely more 
than a yard in length, and some structural features suggest arboreal habits 
comparable to those of the tree kangaroo of Australia. Teeth were still pres¬ 
ent in the premaxilla in Hypsilophodon; and an interesting feature is the 

fact that there appear to have 
been two rows of small bony plates 
running down the mid-line of the 
back, much as in many theco¬ 
donts. There are several other in¬ 
completely known small forms of 
this general type in the Morri¬ 
son beds of North America and 
even from the Upper Cretaceous. 
Camptosaurus, as described above, 
was a somewhat larger and more 
advanced form. 

Best-known of European or- 
nithopods is Iguanodon of the 
Wealden, a form twice the size 
of Camptosaurus, Numerous re¬ 
mains have been found both in 
England and on the Continent. 
The most striking of European di¬ 
nosaur finds was the discovery of more than a score of individuals belonging to 
this genus in the process of excavation of a Belgian coal mine. Apparently, a 
herd of these large reptiles had fallen into a crevasse in the older Carbonifer¬ 
ous rocks and were buried there. An interesting specialization in Iguanodon 
is that the terminal phalanx of the short “thumb’’ is a stout but pointed 
spike of bone which may have been an excellent defensive weapon (Fig. 199, 

B). 

Two small bipeds from the Lower Cretaceous of Asia— PaiMacosaums and 
Protiguanodon —are in most respects normal omithopods. The skull, how¬ 
ever, has a deep and powerful beak; this and other features suggest that 
these genera are ancestral to the homed dinosaurs of the later Cretaceous. 

A curiously aberrant group of Upper Cretaceous forms is that represented 




Fio. 199.— A-C, Manus, and D-F, pes, of ornithis- 
chian dinosaurs. A, /), Hypsilophodon; B, lyuanodon; 
C, F, Monoclonius; E, Anaiosaurus. (A» D after HuUce 
and Abel; S, after Dollo; C, E, F after Brown.) 
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by Trobdon (Fig. 201). In this genus the postcranial skeleton is of a normal 
ornithopod build, but the head is grotesque in its development. Above the 
jaws (with a feeble dentition) and the orbits, the skull expands upward into 
an enormous bony dome with a rugose surface and surrounded with an “or¬ 
namental’^ area of spikes and rugosities, presumably defensive in nature. The 
internal structure of the dome belies the intellectual appearance of the ani¬ 
mal, for it is formed entirely of thick and solid bone. The dentition is primi¬ 
tive in the retention of premaxillary teeth. The skull is comparable in certain 


A 



Fio. 200.—The skull in various ornitliischian dinosaurs. A, EdmontosauruXf an I'pper Cretaceous 
duck-billed ornithopod; length of skull about 8§ feet. B, Lambeosaurus^ a contemporary crested duckbill; 
skull length about S2 inches. C, Stegosaurus; skull length about 16 inches. D, Triceraiops, an Upper Cre- 
taceoiis horned dinosaur; skull length (including frill) about feet. For abbreviations see Figure 96. 
{At B after Lambe; C after Gilmore; D after Hatcher, Marsh, Lull.) 

respects to that of the contemporary ankylosaurs, but the resemblance is ap¬ 
parently superficial only. 

Dliek-blfled dinosaurs. —Most prominent of ornithopods in the Upper 
Cretaceous were the hadrosaurs or trachodonts, duck-billed forms which ap¬ 
pear to have been almost universal in distribution and are represented in 
modern museums by numerous skeletons from western North America. The 
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skull structure in these forms varied enormously, but the skeleton was simi¬ 
lar in all types. The length of the body averaged about 30 feet; and, while in 
many structural features they were similar to Camptosaurus of the preceding 
period, the build was somewhat heavier. In the pelvic girdle the main body 
of the pubis was much shortened. The hind foot (Fig. 199, E) had but three 
toes, which terminated in hoofs rather than in claws. In the manus the fifth 
finger had disappeared and the first was reduced; the remaining three digits 
ended in small hoofs. 

In several instances hadrosaur mummies have been discovered in western 
deposits. These appear to represent specimens which had dried and mummi¬ 
fied before burial, so that a natural cast of the skin has been preserved. This 
shows that the hadrosaurs were unarmored, although the skin was covered 

with a mosaic of small scales. A 
web of skin was present between 
the digits of the manus, and the 
same condition probably held true 
for the feet. This indicates that 
the hadrosaurs were amphibious in 
habits, probably feeding in swampy 
pools or about their margins. The 
hind limbs and the stout tail with 
long neural and haemal arches 
were probably effective swimming 
organs. 

The skull in such types as 
Anatosaurus [^'Trachodori*^] and 
Edmontosaurus (Fig. 200, A) is 
readily comparable with that of a 
camptosaur, despite some special¬ 
izations. The toothless beak was flat but greatly broadened and was 
presumably covered by a ducklike bill. The nostrils, usually pushed far back 
along the facial region, were completely surrounded by the premaxillae and 
nasal bones. 

The teeth had remained simple leaflike structures but had multiplied 
enormously in numbers to form a seemingly eflScient grinding apparatus for 
tough vegetable food. In each jaw half there was not one, but several, par¬ 
allel longitudinal rows of teeth closely pressed against one another, and be¬ 
neath each tooth in these series its successors were already formed and ready 
to function. It has been estimated that in some cases there were as many as 
five hundred compactly arranged teeth in a single jaw ramus, giving a total 
of about two thousand teeth present in the mouth of a single animal. 

The appearance of niunerous crested types was a peculiar feature of hadro- 



Fig. 201.—Lateral view of the skull of Troodon, a 
Cretaceous ornithopod with a greatly thickened skull 
roof; length about inches. For abbreviations see 
Figure 96. (After Brown and Schlaikjer.) 
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saur history. In some forms, such as Kritosaurus, a swelling—a sort of “Ro¬ 
man nose’’—developed above the external nares, here situated well up the 
forehead. In Corythosaurus we find a thin, hollow, domelike structure cap¬ 
ping the skull. This was shaped like a rooster’s comb but was formed of bone, 
the premaxillae and nasals being the elements concerned. In Lambeosaurus 
(Fig. 200, B) this crest was present, but there was, in addition, a backwardly 
directed hornlike prolongation of the same bones; while in Parasaurolophus 
the crest was absent but the backward projection was a very long, tubular 
structure, formed entirely by the premaxillae and nasals, which thus 
stretched the entire length of the skull. 



Fig. 202. — Stegosaurusr a Jurassic armored dinosaur about 18 feet in length. (Modified after Marsh 
and Gilmore.) 


The details of these peculiar crests and prongs are imperfectly known, but 
seemingly they formed part of some unusual type of breathing apparatus; it 
will be noted that they were composed solely of the bones originally surround¬ 
ing the nostrils. Quite possibly the crests were air-storage chambers which 
permitted the head of these amphibious forms to remain under water for 
some time while the animal was feeding; in several cases where the internal 
structure of the crest has been investigated, the air passage from the external 
nostrils follows a tortuous passage up through this area before descending 
to the choanae. 

Hadrosaurs were exceedingly numerous in the late Cretaceous but died 
out completely at the end of the period. Perhaps their disappearance, like 
that of the sauropods, may be partly accounted for by continental elevation 
and the consequent drying of their marshy haunts. But not improbably a 
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main cause for extinction may have been the contemporary gradual replace¬ 
ment of Mesozoic plants by modern types of vegetation to which they were 
not well adapted. 

Stegosaurs. —Since the front legs were probably used to some extent in 
locomotion in most ornithopods, it would seem that reversion to a four- 
footed pose might readily occiu*. Such was the case in many ornithischian 
forms. But these slow-moving quadrupeds, left thus at the mercy of the 
carnivores, universally acquired some type of protective device in the way of 
armor or horns. 

Earliest in appearance of quadrupedal ornithischians were members of the 
suboMer Stegosauria, of which Stegosaurus (Figs. 200, C; 202), of the late 
Jurassic Morrison beds, is the most familiar. This was a fairly Wge dinosaur, 
with a length of 20 feet or more. The skull was small, the front legs short, and 
the back arched high over the long hind lim^. The most conspicuous pecu¬ 
liarity of this quadruped lay in the series of 'plates and spines arranged in a 
double alternating row down the entire length of the neck, trunk, and tail. 
For the most part these structures were flattened plates, which projected 
nearly vertically above the back. They were roughly triangular in outline, 
with thickened bases which were presumably tied into the skeleton by tough 
ligaments. "The largest plates lay above the hips, the size decreasing from 
this point fore and aft.The tip of the tail bore two pairs of long spikes. These 
plates and spines would seem to have afforded protection against an attack 
aimed from above on the backbone and spinal cord. But there is little indica¬ 
tion of any armor over the remainder of the body, and it would seem that 
Stegosaurus might have been easily crippled by a flank attack. 

The vertebrae were still somewhat amphicoelous or, at the most, had 
flat-ended centra. In the pelvis (Fig. 187, E) the recurved ilium extended 
far forward; the pubis and ischum were both quite flat and broad. The 
hind legs were exceedingly long, giving the creature a very kigh hip re¬ 
gion; the limb bones were straight with a columnar build. The front kgs, on 
the contrary, were very short, seemingly an indication of the probably bi¬ 
pedal ancestry of the stegosaurs. All five digits were present in the manus, 
but the outer two were reduced; the pes was three-toed. The toes terminated 
in flattened, hoof-like structures. 

The skull was very small and long but low; here, as in the sauropods, the 
brain was exceedingly tiny and was vastly exceeded in size by a swelling of 
the spinal cord in the sacral region. There was but a single row of about two 
dozen small teeth in each jaw half. 

A somewhat smaller and more prinaitive relative of Stegosaurus was Ken- 
trurosaurus of the late Jurassic of East Africa. In this foru^latcs were pres¬ 
ent only over the middle of the back and were comparatiyelyjmiJl,; spines 
were present not only on the tail but also over the anterior p^ltrfcpf 
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It is thought that this animal may still have been somewhat bipedal in hab¬ 
its. A still earlier relative (in fact, one of the oldest-known ornithischians of 
any sort) was Scelidosaurus of the Lias (Lower Jurassic) of England, a reptile 
with a length of about 13 feet. Armor plates were present, but their exact 
arrangement is uncertain. Probably there were two rows of oval plates with 
longitudinal keels, which in the shoulder region appear to have developed in¬ 
to longer, spiny structures. The potentiality for the development of such a 
type of armor was inherent, apparently, in the ancestral ornithischians; dor¬ 
sal dermal plates were present even in thecodonts, and we have noted their 
presence in the primitive ornithopod, Hypsilophodon, 

Ankylosaurs. —^An entirely different group of armored forms, the Anky- 
losauria, succeeded the stegosaurs in the Cretaceous. These dinosaurs had an 
armor of quite a different nature and probably originated at a much later 



Fig. 203.— Nodosaurus, a Cretaceous armored dinosaur, 17^ feet in length; a few segments of the 
armor are indicated. (From Lull.) 


time from the primitive ornithopod stock. AnJcylosauruSy Palaeoscincus, and 
Nodosaurus (Fig. 203) of the Upper Cretaceous are among the better-known 
members of the group. They have been termed, not inappropriately, “rep¬ 
tilian tanks,” for, with the exception of the turtles, they were the best ar¬ 
mored of any reptiles and show many analogies to the shelled glyptodonts of 
the Age of Mammals. 

^ Jllie body was broad and flattened, the proportions not unlike those of a 
“horned toad.” The entire back was covered by a tough mosaic of large^^^d 
smaller bony plates which formed a seemingly efficient carapace. The front. 
leg§»--which projected somewhat at the sides, were afforded protection by 
long spines extending outward from the shoulder region; and tM4iail was in- 
caseddxi rings of bone and sometimes armed with long, bony spikes. 

Tne^^s ikuil was large and broad but rather short. The temporal openings 
had been closed over, and the flat skull roof so formed was further reinforced 
by an extra layer of polygonal bony plates. The ijl^titio n was weak, and the 
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teeth were seemingly entirely absent in some cases. The limbs were short but 
stout. In th^elvic region (Fig. 187, F) the ilium flared out widely over the 
hip region and, reinforced by bony plates on its upper surface, effectively 
sheltered the thighs. The pubis had become reduced to form merely a part of 
the acetabulum. 

In both the Lower and the Upper Cretaceous of Europe have been found 
somewhat smaller armored types, such as Acanthopholis and Struthiosaurus, 
which seem to be rather more primitive members of the same group. There 
have been found, in connection with them, numerous plates and spines indi¬ 
cating the presence of a carapace somewhat similar to that of the large forms 
decribed above. The skull was relatively small and primitive in nature, with¬ 
out the-broad shape of typical nodosaurs; and temporal openings, although 
small, were still present. 



Fig. 204.— Monochnius^ a ceratopsian dinosaur; about 17 feet in length. (From Brown.) 


Horned dinosaurs. —^Last of the ornithischian groups in time of appear¬ 
ance were the horned dinosaurs, the^^^bprd:^ r The entire history 

of this group is confined, so far as known, to the Upper Cretaceous; most 
forms are from North America, but the group has been identified in recent 
years in Asia and possibly in South America. Triceratops (Fig. ^200, D) and 
Monoclonitis (Fig. 204) are representative forms. These were'iquadrupedal 
dinosaurs of moderate size; Triceratops^ for example, ranging from about 16 
to 20 feet in length. 

The main point of interest in these forms is the cranial structure. The head 
appears to be exceedingly large, making up a third or so of the total length 
of the body. But half of this structure is really not part of the true head re¬ 
gion but a great frill of bone formed by extensions of the parietals and squa- 
mosals which extended back over the neck nearly to the shoulders. This frill 
obviously must have afforded considerable protection to the neck region, a 
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favorite point of attack by carnivores. In some, as in Triceratops, this frill is a 
solid plate of bone; in other cases there is foimd a probably more primitive 
condition in the presence of large openings on either side. 

A second curious feature of the skull lay in the development of horns. The 
bony horn cores are not dissimilar in appearance to those of a modern bison; 
and, indeed, the first-discovered specimen of ceratopsian horns was ascribed 
to that ruminant! In Triceratops there was a pair of large horns on the post¬ 
orbital bones over the orbits and a median horn over the nasal region. The 
degree of development of these horns varied considerably. In Monoclonius, 
for example, the nasal horn is very large and the brow horns undeveloped; 
in another ceratopsian the reverse is true. 

The remainder of the skull was much modified, in correlation with the 
development of these defensive structures. The temporal openings had been 



Fig. 205. —Dorsal view of skull of Protoceratops, a small primitive ceratopsian dinosaur from Mongo¬ 
lia. For abbreviations see Figure 96. (After Brown and Schlaikjer.) 

reduced almost to the vanishing-point. The nasal region of the skull was great¬ 
ly enlarged, and the powerful beak was formed by a newly developed rostral 
bone comparable with the predentary in the lower jaw. Only a single row of 
teeth was present in the cheek region. 

The Vertebrae were platycoelous. The neck was short. In the pelvis (Fig. 
187, D) the main body of the pubis had been reduced to a short spike, al¬ 
though the anterior process of that bone was well developed. The hind legs 
were, as in all ornithischian groups, much longer than the front and termi¬ 
nated in four stubby, hoof-capped toes (Fig. 199, F) (the inner toe appears to 
have been reduced in some cases). All the digits were present in the manus, 
but the outer two were reduced (Fig. 199, C), 

A small primitive ceratopsian is ProtocercUops of the Upper Cretaceous of 
Mongolia (Fig. ^5), of which there have been found numerous specimens 
ranging from very young individuals to adults, as weH as a number of ‘‘nests’’ 
of eggs. Protoceratops belies its name, for horns are not present; the nasal re- 
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gion, however, is elevated as a potential horn-core area, and rugosities are 
present in some individ^jais in the areas in which the paired horns later de¬ 
veloped. In contrast, tht^^frfll was well developed, although fencstra^d. The 
structure of the frill in this form suggests that it originated primarily as a 
pulling-out of the back margin of the temporal region for the better accom¬ 
modation of the jaw muscles aind that its function as a neck protection was 
secondary. Protoceratops exhibits a very primitive feature in the presence of 
teeth in the premaxilla. No earlier stages in ceratopsian history are definitely 
known; but, as noted before, Psittacosaurus of the Lower Cretaceous of the 
same region is quite possibly an ancestral type. 

Numerous as were the horned dinosaurs in the late Cretaceous, they dis¬ 
appeared as completely at the close of the period as did the other dinosaur 
groups. Except for the stegosaurs, all of the major types of dinosaurs were 
still in existence in the closing phases of the Mesozoic; but by the beginning 
of the Cenozoic all had vanished. ITie reign of the dinosaurs was over; the 
Age of Reptiles was at an end. 



CHAPTER 13 


BIRDS 


A LTHOUGH the birds are grouped as a separate vertebrate class— 

/% Aves—^they are, apart from the power of flight and features con- 
A nected with it, structurally similar to reptiles. Indeed, they are so 

close to the archosaurians that we are tempted to include them in that group, 
and we may, perhaps, preferably discuss them here. 

Feathers. —Birds have been called by an old writer ‘‘glorified reptiles.” 
Feathers are in reality almost the only distinctive feature of the class, for al¬ 
most every other character can be matched in some archosaurian group. 
Large quills form the expanse of the wing, taking rise from the back of the 
forearm and from the reduced fingers which form the distal part of the wing 
support. On the tail (which, as a bony structure, is very short) is set a spread¬ 
ing fan of stout feathers used as a rudder. The rest of the body is covered 
with a thick overlapping set of smaller, softer feathers, which forms a very 
eflicient insulation for the control of the bird’s bodily heat. 

But, although the feathery covering of birds is in contrast with the horny 
scales which normally cover a reptile body, the difference is, in reality, not 
so great as it seems; for feathers are comparable to scales, with a complex 
structure of barbs and barbules instead of the simple scale shape. 

Flight adaptations. —^Unlike ordinary reptiles, birds are warm blooded; 
maintenance of a high body temperature is a necessity, for flight requires a 
great energy output over a long period. Also connected with this necessity, 
which demands a large oxygen supply and an efiicient circulatory system, is 
the fact that the heart is divided completely into four chambers; those re¬ 
ceiving fresh blood from the lungs and leading it to the body are completely 
separated from those taking used blood from the body to the lungs. This is a 
condition also foimd in mammals, but in birds the great arch of the aorta, 
which carries the blood from the heart to the body, passes over and down the 
right side of the chest, rather than the left, as in ourselves. 

The nesting habit, contrasting with the usual lack of care of reptilian 
eggs, seems also to have been developed in connection with flight. The eggs 
must be kept warm for the maintenance of body temperature in the embryo. 
Further, while a young reptile makes its own way in the world from birth, 
the necessity of protection of the young until they have mastered the compli- 
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cated business of flight seems to have rendered essential the care and feeding 
of the fledglings in the nest. Brain and sense organs are much modified in re¬ 
lation to flight. Birds depend for their main contact with the world upon 
sight rather than smell (in contrast to reptiles and most mammals). The 
eyes are large, and sclerotic plates are commonly developed in the eyeball. 
The bird brain is vastly enlarged compared with that of a reptile; but this en¬ 
largement appears to result not so much in an increase in intelligence as in 
the development of centers having to do with sight, balance, and the delicate 
muscular co-ordinations necessary for flight. 



Fig. 206. —The skeleton of a modern bird. 
Abbreviations: cf, clavicle; co, coracoid; c«, cervi¬ 
cal vertebrae; fe, femur; fib, fibula; h, humerus; 
il, ilium; ia, ischium; mt, metatarsus (including 
distal tarsals); mtc, metacarpals; p, pubis; pyg, 
pygostyle; r, radius; s, scapula; at, sternum; ayn, 
synsacrum; t, tibia; u, ulna. Digits of manus and 
pes numbered. (Modified from Gerhard Heil- 
mann» The Origin of Birda [copyright, New York: 
D. Appleton & Co.], used by permission.) 


Skeleton.—^In the skeleton (Fig. 
206) there are many modifications con¬ 
nected with flight. With the result of 
lessening the specific gravity, not only 
are there air sacs within the body con¬ 
nected with the lungs, but many of the 
skeletal elements, including portions of 
the skull and neck vertebrae, the hu¬ 
merus and femur, may be hollow, air- 
filled bones. 

Wings .—The anterior limb as the 
actual support of the flying organs has 
been much modified. There is, on either 
side, a long, slim, backward-slanting 
scapula and a single coracoid attached 
to the edge of the sternum. There are 
slim clavicles which usually fuse in the 
mid-line to form the wishbone. The 
sternum is a large plate, usually with 
a great keel in the middle in flying 
birds; and to it are attached the power¬ 
ful chest muscles which exert the main 
propulsive pull on the humerus during 
flight (these muscles form the white 
meat of the chicken). 

The humerus is short and stout in 
most modern flying birds, with a heavy 
process near the head for the attach¬ 
ment of the chest muscles. Both bones 


of the lower arm are well developed and rather long; but the ulna, which 


carries important wing feathers at its back, is the stronger. There are four 


carpals, the two distal ones fused with the metacarpals. We find a reduction 


in the hand rather similar to that in dinosaurs, for only the three inner fingers 
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are represented; the fourth and fifth have vanished completely. Even the 
three remaining are not complete. The pollex is short and usually has but one 
phalanx. The three metacarpals are fused with one another; the second fin¬ 
ger usually has two free phalanges, the third but one. Almost never do these 
fingers bear claws; they are buried in the flesh and function only as supports 
for the feathers. 

Backbone.—^As was presumably the case with its archosaurian ancestors, 
the modern bird walks in a semierect position. The free vertebrae usually 
have a complicated but easily movable saddle-shaped set of centrum articu¬ 
lations in addition to the zygapophyses. The neck includes a rather variable 
number of elongate and freely movable vertebrae. The dorsal region, however, 
is very short, with only about six to ten vertebrae; and of these, several in 
front are often fused, as in some pterosaurs, with the effect of giving a strong¬ 
er support to the muscles running to the wings. A number of posterior dorsals 
and the proximal caudals, as well, are joined to the original sacral vertebrae 
to make up an elongate synsacrum. The tail is short; following a half-dozen 
small free vertebrae, the few remaining ones are fused in modern flying birds 
into the pygostyle, which forms a support for the spreading tail feathers. 

Legs.—^The hind legs are reminiscent of the dinosaurs in their structure. 
The ilium is very much elongated and firmly bound to the synsacrum. As in 
dinosaurs, the acetabulum is perforated. The pubis passes down and back¬ 
ward, as in the ornithischian dinosaurs; there is, however, no forward branch, 
although this may be represented by a small process. The slim ischium passes 
down and back, parallel to the pubis. There is usually no ventral union of the 
bones of the two sides, but the ischium is usually braced by an upward exten¬ 
sion, which meets the posterior end of the ilium, and pubis and ischium may 
join one another distally. The femur is short and stout, but the tibia is elon¬ 
gated, while the fibula is always reduced and attached to the tibia and may 
disappear except for its proximal end. As in the dinosaurs, the main joint 
with the foot lies in the middle of the tarsus; the proximal elements are fused 
with the tibia, the distal ones with the metatarsal elements. The foot, too, is 
essentially like that of many dinosaurs. The three middle toes are generally 
well developed; the fifth has gone without leaving a trace; and the first, often 
reduced or absent, has only an incomplete metatarsal and usually is turned 
to the rear, where it may aid in clutching a perch. The three principal meta¬ 
tarsals are firmly fused into a single element with separate distal ends for the 
toes. As in dinosaurs, the digits, with few exceptions, have the original count 
of 3, 4, and 5 phalanges, although the central toe is commonly the longest. 

Skull.—^The distinctly unreptilian appearance of the bird skull (Fig. 207) 
is due principally to the large orbits and large braincase; its structure is one 
easily derivable from the archosaurian type. Most of the sutures between 
bones become obliterated early in life, maMng the identification of elements 
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difficult. The condyle, as in reptiles, is single; and there is no pineal opening. 
The orbits are very large and generally incompletely surrounded by bone. 
In front of the orbits (again as in dinosaurs) is an antorbital opening; post¬ 
frontal and postorbital are lacking. Behind the orbit is a single temporal 
opening, which, however, is presumably the two diapsid openings fused into 
one by loss of the bar separating them. Because of the incomplete nature of 
the circumorbital ring, the temporal opening usually communicates freely 
with the orbit. The jugal and quadratojugal pass forward as a slim bar from 
the quadrate; this last element is freely movable on the skull, having loose 
joints with squamosal, pterygoid, and quadratojugal. 



Fig. i07 ,—^Restoration of the skull of the Cretaceous toothed bird llesperornist dorsal, lateral, ven¬ 
tral, and occipital views; length of original about 10 inches. For abbreviations see Figure 96. (After 
Heilmanu, The Origin of Birds [copyright. New York: D, Appleton & (/O.j, used by permission.) 


The palatal structure (Figs. 207, 208) is easily derivable from the archo- 
saurian type. There is never any secondary palate, but the internal nares 
(and the external ones as well) are usually well back in the skull. Vomers, 
palatines, and parasphenoid are present; but there are no ectopterygoids. In 
the higher birds the vomers are small, the pterygoids short; the palatines ex¬ 
tend back to a suture with the base of the braincase and have movable artic¬ 
ulations with the pterygoids. This type of palate, termed neognathous, is 
markedly different from that of reptiles. An intermediate type, however— 
the palaeognathous—^is found in certain presumaUy primitive types, such 
as the ostrich-like forms and in BesperomiB. This type is considerably closer 
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to the reptile palate in that the vomers are much larger, the palatines do not 
come into contact with the braincase, and the pterygoids are longer and have 
an immovable union with the palatines. In the lower jaw all six typical rep¬ 
tilian bony elements are present; and, as in most archosaurians, there is an 
external opening between angular and surangular. Modern birds are, of 
course, toothless, and the beak is covered with a horny bill. 

^lurassic birds.—^Modern birds show many reptilian features; but even 
closer to the archosaurians were the earliest birds, known only from two skel¬ 
etons of animals about the size of a crow from the Jurassic lithographic stone 
of Germany. The remains, which pertain to two related genera— Archaeop¬ 
teryx and Archaeornis (Figs. 209, 210)—^so closely resemble those of some of 
the smaller bipedal dinosaurs that they might well have been taken for rep- 



Fio. 208 Fig. 209 

Fig. £08.—palate of a neognathous bird, based upon Phororhacos. Abbreviations; b, basicranial 
region; pU palatine; pt, pterygoid; pr, vomers; q, quadrate; qjy quadratojugal. (Data from Andrews.) 

Fig. £09.—Attempted reconstruction of the skull of the Jurassic bird Archaeornis; length of original 
about £ inches. For abbreviations see Figure 96. (After Ifeilmann, The Origin of Birds [copyright. New 
York: D. Appleton & (’o.j, used by permission.) 


tiles, were it not for the impressions of feathers which surrouiitl them on the 
stone slabs on which they are preserved. The skull, as far as it can be seen, 
was already rather birdlike, with an expanded braincase; and, as in modern 
birds, the sutures were mostly closed. However, well-developed teeth, im¬ 
planted in sockets, were present in the jaws. None of the bones was pneu¬ 
matic. The backbone was quite simple in structure, for the centra had the 
primitive amphicoelous character, and all were free as far as the sacrum, 
which included only five or six vertebrae. The tail still had the long structure 
of the t 3 rpical dinosaur; and the feathers were arranged in two rows along 
its sides. As would be expected, the hind legs were quite like those of archo- 
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saurs, for they are but little changed even in modern birds. The wings had 
not yet completed their transformation. The sternum was not preserved but 
must have been small and could not have afforded much support for pectoral 
muscles (incidentally, ventral ribs were still present). The front limb was 
still a hand rather than a wing, for the three fingers which it possessed were 
very similar to those of the carnivorous dinosaurs; the metacarpals were 
quite separate, the number of joints was complete, and each finger was 
clawed. It would hardly be suspected that this appendage was used for 
flight, had not the impression of wing feathers been found back of the ulna 
and manus. The flying powers, however, must have been slight, for the 
spread of the wing was much less than that of rather poor fliers, such as the 



Fig. 210. —Archaeomist an archaic Jurassic bird. LefU specimen as preserved, about i natural size 
Rigktf restoration. {Left after Evans; right after Heilmann, The Origin of Birds [copyright, New York: 
D. Appleton & Co.], used by permission.) 

pheasant, among modern birds. These early forms probably were forest 
types and did little more than plane from tree to tree or to the ground. 

Archaeopteryx and Archaeornis were already definitely birds but were 
still very close to the archosaurian reptiles in most of their structures, and 
it is obvious that they were descended from that group. Their exact ances¬ 
tors among the small thecodonts which include the ancestors of all the later 
archosaurians are unknown. The structure of the pelvis suggests that they 
arose from a stock close to that which gave rise to the Ornithischia. There 
were, however, in the limbs many features suggestive of a parallelism, if not 
an actual relationship, to the saurischian dinosaurs. 

There has been much discu^ion as to the origin of flight. The most gener¬ 
ally held theory is that the ancestral bird was a tree dweller and that flight 
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started as a slight parachute effect as the ‘‘proavis” jumped from branch to 
branch, the developing wings breaking the fall on landing. A second theory 
is that the ancestors were ground types and that the feathered arms and tail 
helped increase running speed by acting as planes. 

The early birds of the Jurassic were obviously sharply marked off from 
later types by several features which are not met with in birds of later geo¬ 
logical times. These include the absence of pneumaticity, the primitive rep¬ 
tilian structure of the wing bones, and especially the long reptilian tail. They 
are the only known forms included in the subclass Archaeornithes. 

Cretaceous toothed birds.—^All other birds may be included in the sub¬ 
class Neornithes, characterized by such features as a reduced tail with a fan 
of feathers, a well-developed sternum usually with a good keel, and the re¬ 
duction and fusion of the metacarpals to the typical bird condition. 

Our next glimpse of bird life is gained from the chalk beds of the Creta¬ 
ceous, the only complete fossils being from the marine Niobrara formation of 
Kansas. This is, in a sense, unfortunate; for we know, in consequence, only 
sea birds and the more generalized land types are almost unknown. Two 
forms are known from adequate skeletons. One, Ichihyornis (Fig. 211), was a 
small form about the size of a tern, seemingly rather similar to a tern in hab¬ 
its and not unlike it in many structural features. In Ichthyornis the verte¬ 
brae were still amphicoelous, but the wings were highly developed and quite 
like those of later birds, and the sternum was large and keeled. Here, as in 
Archaeopteryx, teeth arranged in separate sockets were still present; and 
consequently we are dealing with a type intermediate between the Jurassic 
forms and modernized birds. A second and considerably larger bird from 
these deposits is Hesperornis (Figs. 207, 211). This remarkable form was 
probably much like the modern loon in habits, for it seems to have been a 
diving bird with powerful hind legs which spread out sidewise at the ankles 
to give a vigorous swimming stroke. But Hesperonis had already degener¬ 
ated in connection with its water life, for the wings had been almost com¬ 
pletely lost, and of the arm bones there remains only a slender humerus, while 
the sternum was unkeeled. This is the first of the many types of birds which 
have taken up a water life. As in Ichthyornis, teeth were present, although 
here they were placed in a groove rather than in sockets; and, also as in that 
form, there were no teeth in the premaxilla; probably the horny beak was al¬ 
ready in process of formation. 

These two birds may be gathered together in a superorder Odontognathae, 
in contrast with all other post-Jurassic birds; and the two known types are 
certainly far enough apart, judging by avian standards, to be placed in two 
separate orders. The incomplete glimpse which they give us of Cretaceous 
bird life at least shows us that the radiation of the group must have been far 
under way at this time to have already produced such dissimilar forms. 
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Tertiary birds.—^All later birds may be distinguished from those al¬ 
ready discussed by several characters: loss of teeth; the fact that the two 
halves of the jaw, separate until then, are fused; and a union of the posterior 
end of the ischium with the ilium. Such birds, we know, had come into exist¬ 
ence by the end of the Cretaceous. A large jaw from the Upper Cretaceous 
of Canada {Caenagnathus) is suggestive of a giant bird rather than a tooth¬ 
less dinosaur. There are, in addition, a few other Cretaceous fragments which 
may be those of toothless birds; but our remains of them are very poor, and 
it is not until the beginning of the Tertiary that we have much information 
about them. 



Fig. 211. —Cretaceous toothed birds. LefU Ichthyornis, a small form with well-developed wings> about 
8 inches in height. Rights Ilesperornisy a flightless diver, about natural size. (The feet .should be di¬ 
rected laterally.) (From Marsh.) 


And even here, it must be confessed, our knowledge is none too good. 
Birds are mostly small forms, and their bones and skulls are very fragile; 
consequently, we have but few remains, mostly of water birds. With mam¬ 
mals and reptiles we know more fossil forms than living ones; but among 
birds, as against about twenty thousand living species, we have but four or 
five hundred fossil forms. Even these are, for the most part, known only 
from a fragmentary bone or so. This leads to great diflBculties in attempting 
to work out the paleontological history of the group, for the birds of today, 
despite their varied plumage, are very similar to one another in their struc¬ 
ture. They are divided into many orders; but the differences, for example, 
between a humming bird and an albatross are much less than those between 




BIRDS 


m 


a seal and a cat, or between a stegosaur and a duck-billed dinosaur, forms 
which are commonly placed in a single order. The different orders have, in 
general, no more differences between them than exist between families in 
other classes of vertebrates, and, anatomically, generic differences are so 
slight that fossils are very hard to place. 

Palaeognathous birds.—Of all the post-Mesozoic birds, the most inter¬ 
esting from the paleontological point of view are the flightless forms repre¬ 
sented today by the ostrich, rhea, cassowary, emu, and kiwi and including a 
large number of interesting fossil types. These forms, here grouped together 
with the tinamous as a superorder, Palaeognathae, have a number of com¬ 
mon features. Most of them, however, are associated with the fact that they 
have lost the power of flight; the wing skeleton in flightless forms is naturally 
reduced; the sternum, with weak pectoral musculature, lacks a keel, and the 
hind legs are powerful running organs. Since the tail is not used for flight, 
there is usually no pygostyle. The feathers, in correlation with the loss of 
flight, are usually soft and curly. But, in addition, some presumably primi¬ 
tive features are found in the lack of the distal fusion of pubis and ischium 
found in most modern birds and in the palaeognathous palatal structure de¬ 
scribed above. 

Perhaps representing the central stock from which the ostrich-like birds 
have arisen are the tinamous (Tinamiformes) living in South America today 
and almost unknown as fossils. These forms have the appearance of quail or 
grouse but are quite different from those game birds in their structure. They 
are essentially ground dwellers and take to the air only in an emergency. They 
are exceedingly poor fliers, having little control over their flight and seldom 
going more than a hundred yards or so. Tail feathers are reduced or absent, 
butjjiinlike other ostrich-like birds, there is a keeled sternum. 

/-Patltes .—^From such a stock may have come the remaining, flightless 
members of the superorder, often grouped as ratites. Most familiar are the 
ostriches (order Struthioniformes), the largest of living birds. Now found 
only in Africa and Arabia, they are known to have existed in Eurasia in the 
Pliocene, while eggs of a gigantic ostrich-like bird have been found in the 
Pleistocene in that region. A distinguishing feature of the ostrich, in contrast 
to other flightless types, is the fact that there are only two toes—^the third 
and fourth. 

On the South American pampas the place of the ostrich is taken by the 
rhea (order BJieiformes), with a somewhat different structure (including a 
three-toed foot) and smaller size. Rheas are known from the Pleistocene, but 
farther back their history is quite unknown. 

In Australia and New Guinea are the emus and cassowaries (order Casu- 
ariilormes)« Among their distinguishing features is the fact that the wing is 
more reduced than in either of the last two orders, there being only one digit 
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preserved, and this projecting but little from the body. These forms were 
present in the Pleistocene of Australia. 

Still more interesting were certain fossil types present in the Pleistocene of 
two island regions. In Madagascar lived a number of species of “elephant- 
birds” {Aepyornis, order Aepyornithiformes), some of them as large as an 
ostrich, with greatly reduced wings and heavy legs. There have been found 
numerous eggshells, some with a capacity of two gallons. It is possible that 
these large birds lived until quite recent times, and their extermination may 
have been due to man. 

New Zealand is remarkable today for flightless birds, for there are found 
not only the kiwi but numerous flightless rails and other ground dwellers be¬ 
longing to higher bird groups. In the past there were much larger ratites, the 

moas (order Dinornithiformes) (Fig. 212), which 
ranged in size from species no larger than a 
I turkey to creatures 10-11 feet in height. Numer- 
g ous remains of these birds have been found, and 
E even feathers have been preserved. There is proof 

from native camp sites that these forms were 
still alive when man reached the island and that 
food. 

/jl Quite different from the ostrich-like groups in 

^ I size and general appearance are the kiwis of New 

1 ^ / Zealand (order Apterygiformes). These small 

W birds are also practically wingless ground types 

\ ^ small eyes. They are 

known as fossils from the Pleistocene of New 
„ TV Zealand and from Australia as well. 

Fig. 212. — D%nornis maximusy 

one of the smaller New Zealand ^^igfll of flightless types. —It has been SUg- 
moas; height about 7 feet. (After W^^ted that these various groups of flightless birds 
Andrews.) really primitive forms that have descended 

from types in which flight had never been developed. But upon reflection it 
is obvious that such a theory is highly improbable. Even in the Cretaceous 
the toothed Ichthyornis had already developed powerful wings, and such a 
form as Hesperornis was obviously specialized rather than primitive. Fur¬ 
ther, we know that in many other higher groups of birds certain types have 
also lost the power of flight; the dodo, the great auk, and the flightless rail of 
New Zealand are all types which have reduced wings and cannot fly but yet 
are surely descended from flying forms. 

The clue to the matter seems to be that, for many birds which seek their 
food on the ground, flight is necessary mainly as a protection from enemies. 
With freedom from carnivores, there is no reason why flight should be main¬ 
tained. Almost all these flightless forms are so situated as to be practically 
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free from enemies. There are no carnivorous mammals in New Zealand; un¬ 
til the arrival of man there was no ground-living enemy of any kind for the 
moas and kiwi. In Australia the only carnivores before the arrival of man and 
his dog were comparatively harmless primitive mammalian types (marsu¬ 
pials). The island of Madagascar is almost devoid of carnivores. The ostrich 
and rhea are in a worse situation, but they live in open country where carni¬ 
vores cannot approach without being seen, and the speed of these forms en¬ 
ables them to outrun their enemies. It would thus seem that birds are likely 
to return to a ground life wherever conditions permit. When flight is thus 
abandoned, most of the common adaptations seen in these forms, such as re¬ 
duction of wings and tail and development of powerful legs, would naturally 
follow. The resemblances between the various ostrich-like types need not, 
then, really indicate relationship; and below are mentioned other large 
birds, now extinct, which in the past evolved along similar lines. 

However, certain anatomical features, such as the palate, tend to show 
that these forms are really related. A probable suggestion is that there ex¬ 
isted in the early Tertiary a group of birds in which teeth had been lost but 
the palate had remained primitive, and which had complete wings and a 
keeled sternum but were comparatively poor fliers. The living tinamou may 
be a comparatively unchanged relict of this primitive type. In parts of the 
world where favorable conditions existed, these forms might have tended to 
stay on the ground, lose the power of flight, and develop into ostrich-like 
forms; in other regions they would have lost out in competition with better 
flying types and have disappeared. 

There is little fossil evidence for such a history; but, as has been said, our 
knowledge of early fossil birds is very inadequate. 

Neognathous birds. —^All remaining birds may be grouped together as 
the superorder Neognathae. In these forms there is but seldom any tendency 
toward a flightless condition; almost always the wings and tail are well de¬ 
veloped. As a common key character may be cited the fact that the palate is 
of the advanced neognathous condition described earlier. 

As was noted above, the members of numerous living groups are essential¬ 
ly similar in internal structure, and the taxonomic position of many frag¬ 
mentary fossil types is dubious. Nevertheless, it appears probable that most, 
if not all, of the avian orders were in existence in early Tertiary times; and 
some inadequately known Cretaceous types may be ancestors of the modern 
bird groups. 

Below we shall discuss briefly the generally accepted orders of birds and a 
few of the more interesting fossil types. Half of the orders listed are known 
from Eocene representatives. However, half-a-dozen groups—Colymbi- 
formes, Procellariiformes, Cuculiformes, Micropodiformes, Trogoniformes, 
and Coraciiformes—^are first known in the Oligooene; the Columbiformes 



268 


VERTEBRATE PALEONTOLOGY 


and Psittaciformes appear only in the Miocene; the Caprimulgiformes in the 
Pliocene; the small group of Coliiformes are unknown as fossils. 

1. Order Gaviiformes. —The loons {Gavia^ called Colymhus by European 
scientists) are northern water birds of primitive aspect which are excellent 
swimmers and in many adaptational features recall the Cretaceous Hesper- 
ornis. Unlike that ancient genus, however, the loons are good fliers with 
well-developed wings. This and the two following orders of marine birds, al¬ 
though represented in the early Tertiary, are not common as fossils. 

2. Order ColymHformes, —^The grebes are smaller, cosmopolitan water 
birds which are, again, good swimmers as well as fliers. The feet, however, 
are not webbed; each toe has, instead, a separate broad flap of skin. 

3. Order ProceUariiformes, —The albatrosses and petrels are strong-flying 
oceanic birds, with very long and powerful wings; the feet, with reduced hal¬ 
luces, are webbed, but swimming is of secondary importance; peculiar tubu¬ 
lar nostrils are a diagnostic feature. 

4. Order Sphenisdformes, —The penguins, although primitive in many 
respects, are in many others among the most highly specialized of birds. The 
wings are totally incapable of functioning in flight but are powerful flippers 
used in swimming. The wing bones are flattened and fused into a compact, 
powerful fin. The foot, too, is modified for swimming; it is webbed, and the 
metatarsal bones are but partially fused, in contrast to their intimate union 
in typical modern birds. 

The penguins appear to have been derived from marine flying birds similar 
to those of the last order, which, like the diving petrels, acquired the habit, 
when in pursuit of food, of flying under water as well as in the air. Pre¬ 
sumably, in the penguin group submarine swimming became more important 
than flying; flight adaptations were abandoned, and the wings perfected as 
swimming organs. The evolution of penguins appears to have taken place 
in the temperate zone of the Southern Hemisphere, which is also the center 
of distribution of the related Frocellariiformes. Some penguins are found in 
Antarctic waters; others have even followed a cold current northward to 
the Galapagos, but none has crossed the tropics to colder northern regions, 
where the (unrelated) auks and their allies fill a somewhat similar ecologic 
niche. Numerous fossil penguins, some as large as a man, have been reported 
from mid-Tertiary deposits in Patagonia and farther south, on Seymour 
Island off the shores of the Antarctic continent. 

5. Order Pelicaniformes. —^Tropic birds, pelicans, gannets, cormorants, 
and frigate birds are characteristic members of this group. They are, again, 
aquatic—^mainly marine—^birds, fish-eaters, and with good powers of flight. 
Here all four toes are included in the webbed foot. Nearly every family in the 
order is known from the Tertiary, and one form (Elopteryx), i^esented 
by limb material, is from the Upper Cretaceous. Ji correctly assign^, this is 
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the oldest of known neognathous birds. An early Tertiary type {Odontop- 
teryx) is of interest in that the lost teeth were functionally replaced by a 
saw-toothed edge to the jaw. 

6. Order Ciconiiformes. —large group of water-loving birds, mainly 
tropical, fish-eating waders, with long legs and (usually) long bills—^the 
herons, storks, and flamingos. The flamingos have webbed feet, but the 
others have so far abandoned aquatic habits for the land and for tree-perch¬ 
ing that the web is absent. Their shore-dwelling habits are perhaps respon¬ 
sible for the fact that the herons (Ardeidae) and storks (Ciconiidae) are 
common fossil types. 

7. Order Anseriformes. —^The ducks, geese, and swans and their relatives. 
The flat bill, short but powerful legs with webbed toes, and strong wings are 
characteristic features of this group, whose members are dominantly residents 
of northern regions. The ducks are frequently encoimtered in fossil faunas. 

8. Order Fahoniformes. —This group includes the diurnal birds of prey, 
the vultures of the Western Hemisphere (suborder Cathartae, including the 
condor and the “turkey buzzard’’), and the suborder Falcones, which in¬ 
cludes the various hawks, falcons, ospreys, and eagles and, in addition, the 
Old World vultures and buzzards and the aberrant secretary bird of Africa. 
The powerful beak and equally powerful claws present in most members of 
the order are obvious specializations for seizing and tearing the prey. These 
forms are quite common as fossils. A Pleistocene vulture from the California 
tar pits, Teratornis, is the largest of all known flying birds. 

9. Order Galliformes. —This order contains, besides the common fowl, 
many familiar game birds and related forms, such as pheasants, partridge, 
grouse, quail, turkey, and peafowl. The members of this group are, for the 
most part, predominantly terrestrial in their habits and are capable of only 
short flights. An interesting member of the order is the hoactzin (Opisthoc- 
omus) of South America, in which claws are present on the first two digits 
of the nestling’s wing. This adaptation, which permits the young bird to 
clamber about the tree, appears possibly to be a reversion to the condition 
found otherwise only in the oldest fossil birds. Game birds are moderately 
well represented among fossil avian assemblages. 

10. Order Gruiformes, —^The order includes the cranes, rails, and many pre¬ 
sumably allied types, mainly tropical in habitat. Typical members of the 
group are marsh birds, waders, and, at best, heavy fliers, which resemble the 
herons in their long legs and neck but differ in technical details of skull con¬ 
struction. The rails (family Ballidae) are common as fossils. Among the less 
characteristie members of this rather heterogeneous order may be mentioned 
the ponderous bustards of the Old World and the cariamas—^long-legged 
South American ground birds with short wings and limited powers of flight. 
Fossil c$ximm fu*e known as far back as the OUgocene in South America. 
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Included in the same order because of their possible relationship to the 
cariamas is a striking group of large South American fossil birds, mainly 
from the Miocene, of which Phororhacos (Fig. 213) is a representative. This 
was a long-legged bird the height of a man, with a powerful beaked skull as 
large as that of a horse; it was obviously flightless, for the wings were much 
reduced. The ability of these forms to survive on the ground was rendered 
possible by the fact that during most of the Tertiary the placental carni¬ 
vores, those characteristic enemies of ground birds, were absent from South 
America. 




Fig. 213 .—LejU Diairymay an Eocene flightless bird, about 7 feet in height. (From Matthew and 
Granger.) Righty Phororhacos, a giant Sightless bird from the Miocene of South America; original about 
5 feet in height. (From Andrews.) 


11. Order Diatryviijorvies ,—Placed here because suspected of possible re¬ 
lationship to the cariamas is a group of still larger, extinct flightless birds, 
characteristic of the early Eocene of North America and Europe. Diairyma 
(Fig. 213) was some 7 feet in height, with much-reduced wings, massive 
legs, and (as in the phororhacids) a large head with a powerful beak. The 
appearance of this great bird at a time when mammals were, for the most 
part, of very small size (the contemporary horse was the size of a fox terrier) 
suggests some interesting possibilities—^which never materialized. The great 
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reptiles had died off, and the surface of the earth was open for conquest. As 
possible successors there were the mammals and the birds. The former suc¬ 
ceeded in the conquest, but the appearance of such a form as Diatryma 
shows that the birds were, at the beginning, rivals of the mammals, 

12. Order Charadriiformes, —This order includes such marine types as 
auks, gulls, and terns and numerous shore birds, such as the plovers, sand¬ 
pipers, and snipe. The plovers (Charadriidae) and snipe (Scolopacidae)— 
shore birds with long, slender bills and long legs—are common in fossil form 
in the Tertiary as well as in the Pleistocene. The gulls and terns (Laridae)— 
long-winged, marine, flying forms—were present in the Eocene; from that 
epoch, too, date the auks and their relatives (Alcidae), likewise marine but 
stoutly built and short-winged. The great auk—a flightless, penguin-like 
bird which inhabited the North Atlantic—is now extinct but hardly to be 
considered as a fossil form. 

13. Order Columbiformes, —The doves and pigeons. A cosmopolitan group 
of strong-flying, vegetable-feeding forest dwellers, little known in the Terti¬ 
ary but not uncommon in the Pleistocene. An interesting series of special¬ 
ized forms, of which the dodo of Mauritius is the most familiar, became large 
flightless types inhabiting islands in the Indian Ocean; these are now extinct. 

14. Order Psittaciformes, —The parrots. A group of American birds, with 
characteristic bills and with a type of foot structure termed zygodactylous, 
in which two of the four toes (first and fourth) are turned backward. Now 
confined almost entirely to the tropics, the oldest—^Miocene—parrots are 
known from Europe and North America. 

15. Order Cuculiformes, —Cuckoos and road runners; apparently related 
to the parrots but often considered as constituting a separate order. As in 
the parrots, the foot is zygodactylous. Fossil forms are few. 

16. Order Strigiformes, —The owls, nocturnal birds of prey. The adaptive 
features, such as a sharp beak and powerful claws, are similar to those of the 
day predators (Falconiformes), but more basic structural characters show the 
two groups to be distinct; the forward-turned eyes of the owl furnish one 
readily recognizable contrasting feature. Owls are known from all Tertiary 
epochs. 

17. Order Caprimulgiformes, —The oilbirds and goatsuckers (including 
the familiar whippoorwill); peculiar nocturnal birds with a compact body 
and a broad, short bill bordered with stiff bristles. Poorly known in the fossil 
state. 

18. Order Micropodiformes, —Swifts and hummingbirds. Small birds with 
rapid flight and correlated wing and breast specializations. A few fossil 
swifts are known, but the tiny and still more specialized hummingbirds are 
unreported. 

19. Order Coliiformes, —^The colies, small African birds which superficially 
resemble finches but are structurally quite distinct; unknown as fossils. 
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20. Order Trogoniformes, —The trogons are tropical forest birds with short, 
powerful bills and a peculiar foot in which the second toe is turned backward 
with the first. Trogons are known from the Oligocene of Europe, a time 
when the climatic conditions in the North were presumably more moderate 
than in later epochs. 

21. Order Coraciiformes. —rather miscellaneous assemblage including 
kingfishers, bee eaters, rollers, hornbills, etc., mainly tropical birds which 
have little in the way of obvious common features except arboreal habits and 
the usual possession of an elongate bill. Apart from an Oligocene European 
representative of the rollers, which now inhabit the Old World tropics, we 
know little of these forms as fossils. 

22. Order Pidformes, —^Including the woodpeckers and the toucans and 
various other tropical birds. The Piciformes are all stout-billed, and the wood¬ 
peckers have the peculiar zygodactylous type of foot noted above. Our 
knowledge of the group as fossils is almost entirely confined to the wood¬ 
peckers (Picidae), of which there are possibly Eocene and definitely Miocene 
representatives. 

23. Order Passeriformes. —The perching birds, the “highest'' of bird 
orders. A characteristic feature is the perching type of foot, with the very 
large first toe directed straight back and opposed to the other three, giving 
an effective grasp on the limb. Flight is usually highly developed, and arbo¬ 
real life is general. There are a few relatively primitive tropical families; all 
the others are songbirds (suborder Passeres), which include almost all the 
smaller familiar birds. The Passeriformes comprise about half the present 
bird population. Fragmentary remains of perching birds are reported from 
the Eocene, but finds are few imtil the late Tertiary and Pleistocene; it is 
probable that the expansion of the group took place at a relatively late peri¬ 
od. Even in the Pliocene and Pleistocene the known remains are few when 
considered in relation to the modern abundance of the group; however, 
small size and woodland habitat are features which tend to reduce the 
chances of adequate fossilization in this group. 

Summary. —^The history of birds may be summarized as follows: (1) the 
appearance in the Jurassic of primitive arboreal forms with feathers and a 
feeble type of flight but with an essentially reptilian skeleton; (2) the devel¬ 
opment by the Cretaceous of birds which still possessed teeth but in which 
the skeleton was essentially like that of modern birds and flight was well de¬ 
veloped; (3) an early dispersal of birds in which teeth had been lost but 
in which the power of flight was comparatively poor; these are represented 
today only by a few ostrich-like flightless birds and the tinamous; (4) the ap¬ 
pearance and radiation, by the b^^nning of the Tertiary, of more modern¬ 
ized orders which now make up the vast majority of the world's bird popula¬ 
tion. 
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MAMMAL-LIKE REPTILES 


T he relatively late time at which the mammals took over the world’s 
supremacy from the reptilian dynasties would lead one to think that 
the stock from which they sprang must have been one developed at 
a comparatively late date in reptilian history. This, however, is exactly the 
reverse of the true situation. The mammal-like reptiles, constituting the 
subclass Synapsida, were among the earliest to appear of known reptilian 
groups and had passed the peak of their career before the first dinosaur 
appeared on the earth. 

Primitive synapsids were already present in the late Pennsylvanian and 
took a leading role in the archaic reptilian radiation of Permian times. Al¬ 
though the central types were carnivores, herbivores developed as well. A 
majority of known Permian reptiles were members of this group; apart from 
the cotylosaurs, all other reptile stocks were at that time represented only 
by small and seemingly rare forms. 

In the Triassic, however, conditions altered. The herbivorous types rapidly 
disappeared, and the carnivorous forms were supplanted by the developing 
dinosaur stock. The synapsids rapidly dwindled in numbers during the period 
and (except for a few rare or doubtful genera) had vanished at its close. 
Many millions of years were to pass before the mammalian descendants 
of the synapsid group were to rise to a position of dominance. 

Since the various synapsid types cover the entire range of the vast struc¬ 
tural gap existing between the ancestral reptiles and forms extremely mam- 
mal-like, it is hardly to be expected that there would be many diagnostic 
features common to all members of the subclass. The central stock of the 
group, as has been said, consisted of carnivorous types. There was in the 
dentition a tendency toward a differentiation of the tooth row, the develop¬ 
ment of varied types of teeth to subserve various functions—a tendency 
which reached its climax in the mammals. Synapsids progressively improved 
the primitive clumsy limb structure found in the stem reptiles. Here, how¬ 
ever, the trend was solely toward improvement in quadrupedal locomotion; 
there were (in contrast to the archosaurs) no bipedal tendencies. 

The one diagnostic feature common to all members of the group was the 
presence <rf a single lateral opening in ^he temporal r^ion—a condition 
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found in no other major reptilian stock. This fenestra was primitively 
situated on the lateral, rather than the upper, surface of the skull and was 
of small size, with the postorbital and squamosal joining above it; it became 
enlarged, however, and extended upward to reach the parietal in more ad¬ 
vanced forms. The pineal opening persisted in almost every synapsid. 
The eardrum lay, as in reptiles generally, at the back margin of the skull 
just above the jaw joint, but there is seldom any notch or excavation of 
the skull connected with it. There was comparatively little loss of cranial 
elements; but the postparietals (usually fused into a single bone) were, with 
the tabulars, pushed down onto the back of the skull, and in advanced forms 
the elements surrounding the orbits were reduced in number. The vertebrae 
were primitively amphicoelous, and double-headed ribs were present the 
length of the trunk. A diagnostic feature is the presence of two coracoid 
elements in the shoulder (Fig. 222), a new posterior one in addition to the 
anterior element which is present alone in most other reptiles. The dermal 



Fia. 214.— Varanomurus, a primitive pelycosaur; length of original about 6 feet 


shoulder girdle was always retained and usually included a cleithrum in the 
older types. 

The whole series should, perhaps, be divided into a considerable number 
of groups of equal rank. But it so happens that the primitive Lower Permian 
forms are found abundantly only in the Texas red beds of North America 
(more rarely in Europe), while the later Permian and Triassic types are 
found mainly in the South African Karroo series. This cleavage of the group 
may be used as a basis for a somewhat illogical but fairly convenient division 
into two orders—^the Pelycosauria (or Theromorpha), primitive forms; and 
Therapsida, the advanced South African types. To this we shall add, as an 
appendix, a third order—^Ictidosauria—^for the reception of a few late, rare, 
and advanced forms which appear to lie close to the mammalian boundary. 

Pelycosaurs. —^The primitive synapsids are among the commonest 
animals found in the red beds of Texas, dating from late Carboniferous and 
early Permian times. Scattered remains are found in beds of like age in 
other areas of North America and western Europe; representatives from 
other times or regions are rare and of doubtful nature. A primitive member 
of the order was Varanosaurus (Fig. 214), a small form not more than 8 
feet in length even with the inclusion of a very long tail. The proportions 
of this form were not unlike those of many lizards. In internal structure 



MAMMAL-LIKE REPTILES 


27S 


there were many similarities to the cotylosaurs from which these types had 
arisen. The limbs, while rather longer and slimmer than those of cotylosaurs, 
still resembled them in most features. The neural arches of pelycosaurs 
(Fig. 215) were (as in most reptiles) narrower than those of the cotylosaurs, 
and the neural spines somewhat taller; in Varanosaurus, however, the 
arches are still somewhat swollen—^presumably a primitive feature. Inter¬ 
centra were still present throughout the column, and the old scales were still 
present on the ventral side as abdominal ribs in most pelycosaurs. The snout 
was rather long; the skull rather taller and narrower than in the cotylosaur 
types. The teeth along the jaw margins were numerous and mostly of rather 
uniform size in Varanosaurus and its close allies; a pair of teeth lying near 
the front end of each maxilla may, however, be considerably longer; they 
appear to represent the first stage in the development of the canine teeth 
characteristic of mammals. Varanosaurus was not improbably a fish-eating 



Fig. 215. —Vertebrae of a primitive pelycosaur, Ophiacodon. A, B, Posterior cervical vertebrae, 
lateral and anterior views. Abbreviations: az, anterior zygapophysis; c, capitulum of rib; ic, intercentrum; 
pz, posterior zygapophysis; t, tubercle of rib; tp, transverse process. C, Atlas and axis, condyle of skull in 
dashed line; cl, centra of atlas and axis; il, i2, intercentra of the same; nal, na2, neural arches; pr, 
proatlas, a neural arch whose centrum is presumably fused into the basioccipital. (After Case and 
Williston.) 

reptile which spent much of its time in the water—^habits which here may 
be truly primitive in character iind reminiscent of the amphibian fore¬ 
bears of the group. The related genus Ophiacodon was a much larger animal, 
one species of which may have been nearly a dozen feet in length. 

A second and very different group of pelycosaurs is that represented by 
Edaphosaurus (Figs. 216, 217) and Casea (Fig. 218). These animals were 
apparently herbivores. The postcranial skeleton was, on the whole, rather 
similar to that of Varanosaurus but with a somewhat clumsier build and a 
broad, barrel-shaped trunk, presumably for the reception of masses of soft 
vegetation. Edaphosaurus presents an unusual feature because of the pres¬ 
ence of greatly elongated neural spines rising high above the back and 
studded with small cross-bars, giving somewhat the effect of a full-rigged 
ship. It seems certain that in life the spines were connected by membranes. 
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forming the whole into a ‘‘sail/’ Similar structures were formed independent¬ 
ly in other pelycosaur genera. The function of this sail—if any—is quite un¬ 
certain. As good a guess as any is the suggestion that it was a heat-radiating 
device which may have aided in control of internal temperature. 

The skull was short and very different from that of Varanosauncs. The 
teeth were rather blunt, and there is no trace of canine differentiation; 
Edaphosaurus has, in addition, highly developed upper and lower mastica¬ 
tory plates, studded with teeth, lying within the mouth. 





Fig. 216. —Edaphosaurus (Naosaurus), a long-spined, herbivorous pelycosaur; maximum length 
about 11 feet. 



Fig. 217.—^The skull of Edaphosaurus; length of specimen about 6 inches. For abbreviations see 
Figure 96. 


Despite its specializations, Edaphosaurus was an ancient type, for char¬ 
acteristic spine fragments are recorded from the late Carboniferous. The 
earliest species were of small size; the largest Permian specimens, on the 
other hand, had a length of about 11 feet. Casea was a small pelycosaur, but 
a large relative— Cotylorhynchus —^is estimated to have weighed about a 
third of a ton. 

A third and final major group of pelycosaurs is that which includes Di- 
metrodon (Figs. £19; 2£0; £30, A), an aggressive carnivore which is the 
commonest of reptiles in the Lower Permian of North America. Dimetrodon 
is specialized in the presence of a great “sail” comparable to that of Edapko- 
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saurus but lacking the cross-bars. There were, however, other members of 
this group in which the sail was not developed, and the dimctrodonts are of 
interest as a stock from which the therapsids (and eventually the mammals) 
appear to have been derived. 

The postcranial skeleton is generally comparable to that of other pelyco- 
saurs; but the body was rather slim, and the limbs, although old-fashioned 
in construction, are somewhat more slender than in most early Permian rep¬ 
tiles, and suggestive of a relatively rapid gait. The skull was high and narrow, 
the face rather long; posteriorly the skull margins curved downward and 
even forward toward the jaw articulation—a feature repeated in many 



Pig. 218.—C'a.vfia, a short-spined herbivorous pelycosaur related to Edaphosaurus; length about 
4 feet. 



Fig. %\Q.—Dimetrod(m, a long-spined predaceous pelycosaur; maximum length about 11 feet 

therapsids. The jaws were armed with compressed, sharp-edged teeth, well 
differentiated—^particularly in the upper jaw—for predaceous habits. In the 
premaxilla were a limited number of teeth for biting and grasping, which are 
comparable to the incisors of therapsids and mammals. Separated from them 
by a “step” which may contain a few small teeth, we find on the maxilla a 
pair of large teeth, alternately replaced, which correspond to the canines of 
higher types, and behind these a series of smaller cheek teeth. The lower 
teeth are differentiated also, but to a lesser degree. The angular bone near 
the back of the jaw bears a curious flange of unknown function, separated by 
a notch from the main portion of the mandible. This feature is repeated in 
therapsids and is one of the many diagnostic characters which indicate that 
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the Dimeirodon group (although not this genus) gave rise to the therapsids 
which in the later Permian and early Triassic succeeded the pelycosaurs as 
the dominant land vertebrates of their times. 

The forms customarily placed in the Pelycosauria are confined to the late 
Pennsylvanian and Lower Permian. There are, however, a few synapsids in 
the later Permian of South Africa and Russia which are more primitive than 
their therapsid contemporaries and may be surviving pelycosaurs. Prob¬ 
lematical is a series of small South African types such as Galepus (Fig. 221), 
usually termed dromasaurs. The skull and skeleton are comparable with 
those of pelycosaurs, particularly some of the edaphosaur group; the one 
certain advanced feature is the loss of phalanges in the toes, so that the ad¬ 
vanced mammalian count of 2--3-3~3-3 is present. 



Fiq. 220. —^The skull of Dimeirodon. Above^ dorsal and palatal views; belowy lateral and occipital views. 
For abbreviations see Figure 90. 


Therapsids. —As members of the order Therapsida may be grouped the 
numerous mammal-like types which, best known from the richly fossiliferous 
Karroo beds of South Africa, flourished from Middle Permian to Lower and 
Middle Triassic times. To this group belong all the carnivorous reptiles of 
the later Permian, as well as a host of herbivorous forms. So varied are these 
types that they are often considered to constitute a number of distinct (al¬ 
though closely related) orders. 

Because of the wide radiation of the group, absolute diagnostic characters 
are rare. The evolutionary trend of the main line of therapsid development 
may be illustrated by a consideration of the structure of one of the later and 
more progressive forms. 
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Structure of Cynognathus. —Cynognathus (Figs. 228-30) was a Lower 
Triassic therapsid which we shall note later to be a member of the very mam- 
maUike cynodonts. This reptile was a rather lightly built and seemingly ac¬ 
tive four-footed carnivore, with a maximum length of 4 or 5 feet. 

In the skull the pineal opening is 
small but still present. Many ther- 
apsids have a small median bony 
element—the preparietal—associ¬ 
ated with it; this is, however, absent 
in Cynognathus, The temporal open¬ 
ing is much expanded and reaches 
up to the parietal; the postorbital 
and squamosal no longer meet each 
other above this fenestra (but have 
gained a secondary contact below it). 

The circumorbital series of bones has 
dwindled; the prefrontal and lacri¬ 
mal are small; and the postfrontal 
has disappeared. The quadrato- 
jugal is small and closely attached to the equally reduced quadrate, and 
these two bones are rather loosely connected with the rest of the skull. On 
the under side of the skull the most obvious development is the presence of 
a secondary palate. The two vomers have fused into a single bar which sends 



Fig. 221 . —Galepusy a primitive synapsid from the 
South African Permian; length about inches; 
s, splenial. For other abbreviations see Fig. 96. 
(After Broom.) 



Fig. 222. —^Shoulder girdles of synapsids and mammals: Ay the pelycosaur Ophiacodon; By the therap¬ 
sid Kannemeyeria. C, the monotreme Ornithorhynchus; D, the marsupial Didelphys; Abbreviations: aCy 
acromion; c, coracoid; cf, clavicle; cthy cleithrum; g, glenoid cavity; icly interclavicle; pCy procoracoid; s, 
scapula. {A after Williston; B after Pearson.) 


up a process in the mid-line. Extensions from the premaxillae, maxillae, and 
palatines have formed a flat plate extending across below the old level of the 
roof of the mouth, so that a hard secondary palate is formed with the inter¬ 
nal opening of the nostrils passing backward through the space above it. 
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There are no longer any interpterygoid vacuities, for the two pterygoids have 
fused with each other and the narrow base of the braincase to form a solid, 
longitudinal bar. The pterygoids have shortened and no longer extend back 
to the quadrates, although the epipterygoids above them may reach this far 
back. 

The condyle has divided into a double structure, in contrast with the prim¬ 
itive single condition. The occipital surface of the skull is a nearly solid plate 
made up of the combined occipital bones and the opisthotics, together with 
the postparietal and the tabulars above. In addition to the ordinary bones 



Fig. 22S. —^Pelvis of synapsids and mammals; A, the pelycosaur Dimetrodm; the gorgonopsian 
Lyeamops; C, the cynodont Cynognatkus; D, the monotreme mammal Ornithorhynchus; E, the marsupial 
Didelphia; F, the Miocene canid Daphoenodon. Abbreviations: a, acetabulum; il, ilium; is, ischium; m, 
marsupial bone; o6<robturator foramen—enlarging to form a fenestra in therapsids and mammals; p, 
pubis. {B after Broom; C after Gregory and Camp; F after Peterson.) 

of the braincase, the epipterygoid forms a flat plate applied to ihe side of the 
braincase in front of the pro5tic; and in the more anterior portion there ap¬ 
pears to be an ossification corresponding to the sphenethmoid of amphibians 
and reptiles and the presum^ly homologous presphenoid of mammals. The 
stapes extends as a slim rod from the inner-ear opening to the quadrate. 

All the bones of the primitive reptilian lower jaw are present (except that 
there is but one coronoid) (Fig. 230, C), but the dentary is greatly ei^arged 
at the expense of the other elements, sending backward and upward a large 
process which nearly touches the squamosal. 
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The dentition is differentiated into a small number of nipping teeth, com¬ 
parable with the human incisors, in the premaxilla and front of the dentary; 
a large “canine” tusk lying behind a step in the maxilla; and a series of cheek 
teeth, most of them with several cusps. Teeth are absent from the palate and 
the inner surface of the lower jaw. 



Fia. 224.—The humerus of synapsids and mammals; dorsal views: .4, the pelycosaur Dimetrodon 
By the pelycosaur Edajphoaaurus; C, a cynodont (? Diademodon); Dy the OHgocene canid Daphoenus. 
Abbreviations: enty entepicondylar foramen; epy ertepicondylar foramen; A, head; w, articular surface 
for the ulna. {C after Watson; D after Hatcher.) 


Intercentra have disappeared from the backbone, although the centra 
are still amphicoelous. There are still freely movable, double-headed 
ribs all the way from the neck to the base of the tail. 


The limbs in advanced therapsids are 
greatly changed from the primitive sprawl¬ 
ing position. The elbow has been moved 
back and the knee forward, so that the 
legs tend to be more underneath the body, 
making support easier. Associated with this 
are many changes in the musculature and 
in the shape of many of the bones. The 
shoulder girdle (Fig. 222, B) still consists of 
a dermal girdle, including a stemmed in¬ 
terclavicle and clavicles (the cleithrum has 
disappeared) and a primary girdle of scapula 



Fro. 225.—^The femur in mammal- 


and two coracoid elements. The front edge 
of the scapula is turned out (the beginning 
of the mammalian spine) with the clavicle at¬ 
taching to the projecting spine at the lower 
end of the ridge. In the pelvis (Fig. 223, 
C) the ilium extends forward rather than 


like reptiles and mammals: A, the pelyco¬ 
saur Ophiacodon; B, a cynodont; C, the 
Oligocene canid Daphoenus, Abbrevia¬ 
tions; gt, greater trochanter; h, head of 
femur; It, lesser trochanter; tS, third tro¬ 
chanter. (A after Case and Williston; B 
after Watson; C after Hatcher. 


back, as primitively, in relation to a changed position of the muscles, and is 
attached to an increased number of saerdi ribs. The pubis and ischium have 
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shifted toward the back (also in correlation with muscular changes), and a 
circular opening has appeared between and partially separating them. The 
femur (Fig. 225, B) has developed a head at the side rather than the end of 
the bone in relation to its forwardly rotated position, and on the outer side 
there is a large trochanter for muscles which come from the ilium and aid in 
its backward push. The toes are all, except the first, of nearly equal length, 
in correlation with the more directly fore-and-aft motion of the limbs; and 
each has but three functional segments. But while this foreshadows the 



Fig. 226.—^The man us in mammal-like reptiles: -4, the pelycosaur Ophiacodon; B, the gorgonopsian 
Lycaenopa; C, the advanced therocephalian Ericiolaceria. (A after Case and Williston; B after Broom; C 
after Watson.) 





Fig. 227.—^The pes in mammal-like reptiles; the pelycosaur Ophiacodon; B, the gorgonopsian 
Lycaempa; (7, the therocephalian Whaitaia. (A after Case and Williston; B, C after Broom.) 

mammalian condition, the old reptilian phalangeal formula of 2-3~4~5-3 
still persists in Cynognathus and related types, for vestiges of the superfluous 
phalanges are still present in the third and fourth toes (Figs. 226, B; 227, B). 

The skeleton of such a reptile approaches in many features that of the 
mammals. It woidd be of interest to know whether these forms resembled 
mammab as much in other features; but we know almost nothing of other 
organ systems, except that the brain was still small and apparently reptilian 
in organization. The warm-blooded condition of mammals b seemingly cor¬ 
related with their active mode of life. Activity seems to have been a keynote 
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in the development of these carnivorous therapsids, and it is not impossible 
that this physiological change had already begun in them, A cold-blooded 
reptile may cease breathing for a time without harm, but not a mammal. The 



Fig. 228. —The skeleton of the Lower Triassic cynodont Cynognathus^ about natural size. (From 
Gregory and Camp.) 



Fio. 229.—The skull of the cynodont Cynagnathus; length of original about 18 inches. For abbrevia¬ 
tions see Figure 96. (After Seeley, Broom, and Broili and Schroeder.) 

secondary palate of mammals seems to be an adaptation preventing interfer¬ 
ence with breathing during mastication; the presence of this structure in ad- 



284 


VERTEBRATE PALEONTOLOGY 


vanced therapsids is suggestive. Whether hair was already beginning to re¬ 
place scales is, of course, unknown. Nor have we any knowledge of reproduc¬ 
tive processes; but, since the most primitive living mammals are still egg- 
laying types, this was presumably also the case in Cynognathus. The nursing 
habit seems to have been earlier in appearance, but whether early enough 
to have been present in advanced therapsids cannot be guessed. 

Dinocephalians. —^The oldest and, in most respects, the most primitive 
of therapsid suborders is that of the “giant heads’’—^the Dinocephalia— 
which flourished in the Middle Permian of South Africa and Russia. The 
name refers to a peculiar domelike thickening of the skull roof. The skull, 
except for this peculiarity, was quite primitive and resembled that of the 
DimetrodonAike pelycosaurs in many features, such as the single condyle, 
lack of a secondary palate, the primitive paired vomers, and a fairly small 



Fig. 230. —Jaws of synapsids, from the inner side. A, The pelycosaur Dimetrodon; B, the gorgonopisan 
Cynarioides; C, the cynodont Cynognaihus, For abbreviations see Figure 96 . (A after Williston; B after 
Broom; C after Broom and Watson.) 

dentary. However, a number of therapsid changes had occurred, such as the 
fusion of the pterygoids with the base of the braincase and reduction of the 
quadratojugal. Partly in correlation with the large size of these animals, the 
limbs are massively constructed, although turned well in toward the body in 
therapsid fashion. The girdles were still quite primitive. On the other hand, 
the phalangeal formula appears already to have been reduced to the mam¬ 
malian count. 

Two main types of dinocephalicms are known. One, typified by Titano- 
suchus and Jonkeria (Figs. 231, 232) was carnivorous, with a differentiated 
dentition, including large canine tusks; the second type, to which belonged 
Tapinocephalus, Moschops, DelpkinogntUhvs (Fig. 232, C), and other forms, 
was herbivorous, with small teeth. Both types are fairly common in the Mid¬ 
dle Permian Karroo beds. Almost all were large forms; dinocephalians were 
the largest of mammal-like reptiles and, indeed, the largest-known Permian 
animals of any sort, being rivaled in size only by the contemporary pareia- 
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saurs. These last probably furnished the main food supply of the carnivorous 
dinocephalians, while the herbivores probably competed with the pareia- 
saurs for plant food. Most of the dinocephalians were off the line leading to 
later therapsid types, but some early Russian types may be very close to the 
common ancestry of the order. 

Dicynodonta. —^Most aberrant but temporarily most successful of therap- 
sids were the “two-tuskers” of the suborder Dicynodontia. They appeared 
in the Middle Permian, and in late Permian times were by far the common¬ 
est of all reptiles. They were present not only in South Africa but in the Up¬ 
per Permian in Russia and Scotland; and in the Triassic, dicynodonts were 
present in Asia and both Americas. 

The dentition was peculiar. In a few of the more primitive types there were 
small molars; but in most cases there remained only the tusklike upper ca- 



Fig. 231.—The skeleton of the dinocephalian Jonkeria; length of original about 14 feet. (After 
Broom.) 


nine teeth, and even these were apparently restricted to the males in most 
genera. The jaws obviously were covered by a horny beak similar to that of 
turtles. 

The skull was considerably specialized, rather broad and flat, with an odd 
arched construction of the cheek region. There was an incipient secondary 
palate, and other advanced features were present. The postorbital and squa¬ 
mosal, however, still met above the temporal opening. The postcranial skele¬ 
ton was of an advanced character and resembled that of such a form as Cy- 
nognathus in many features, although the limbs were rather short and stubby. 
Here the phalangeal formula waS reduced to the mammalian count of 2-3- 
3-8—3. 

The dicynodonts appear to have been marsh-dwelling herbivores; one 
type— Lystfosaurm —^appears to have been somewhat aquatic in habits and 
has been called a “reptilian seal.” They ranged in size from species with a 
skull not more than an inch or two in length to forms with a skull 3 feet long. 
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Many of the varied Permian types are included in the genus Dicynodon 
(Fig. 23^), with more than fifty described species. Kannemeyeria (Fig, 233) 
was one of a number of large Triassic survivors. These harmless plant-feed¬ 
ers seem to have held out well against their carnivorous relatives but disap¬ 
peared with the advent of large flesh-eating archosaurians in later Triassic 
times. 

Advanced therapsids. —The more progressive members of the order 
were the dominant reptilian carnivores of the late Permian and the early 



Fig. 232. — A~Cy The skulls of dinocephalians. A, Lateral view of Jonkeriay skull length about 29 
inches; By palatal view of the same; C, lateral view of skull of DelphinognaikuSy length about 15 inches. 
Lower righU the skull of l>icyiiodon kolbei. For abbreviations see Figure 96. (After Broom.) 


part of the Triassic. These forms were active flesh-eaters of medium or small 
size with a differentiated dentition and a rather mammal-like limb structure. 
In the Permian and Lower Triassic they were abundant in Beaufort beds of 
the South African Karroo, and they are represented in the Russian Permian 
and the Triassic of Brazil. All these carnivores have many features in com¬ 
mon and are generally regarded as constituting a single suborder—^the Theri- 
odontia. There are, however, several subgroups of theriodonts, readil^^ffis^ • 
" Qni^shable from one another. These include (1) the Gorgonopsia, including 
very primitive forms; (2) the Cynodontia, progressive types; (3) the There- 
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cephalia, advanced members of which are sometimes separated as the Bau- 
riamorpha. 

The gorgonopsians, such as Scymnognathus (Fig. 234), were perhaps the 
most primitive of these carnivores and were common in Middle and Upper 
Permian times. There were many primitive features in the group. The post- 
orbital and squamosal still met above the temporal opening; the postfrontal 
bone was still present; there was no secondary palate, although the vomers 
had fused into a single bar; the condyle was still single; the dentary, although 
large and with an ascending branch, does not greatly exceed the other ele¬ 
ments in size; the postcranial skeleton was somewhat more primitive and 
more heavily built than in the cynodonts; the phalangeal formula was still 
2-3“4-5-3, although the “extra*’ joints were small. 



Fig. 233.—The skeleton of Kanneineyeria^ a Lower Triassic dicynodoni; length about 0 feet. (Prom 
Pearson.) 


Cynognathus, described above, was a typical member of the Cynodontia. 
This group is often considered to be derived from the gorgonopsians (al¬ 
though descent from the therocephalians is also advocated) but shows many 
advanced features, particularly in the construction of the palate and jaws. 
The cynodonts were the common early Triassic carnivores. There was con¬ 
siderable variation in size, the smallest cynodont being not much bigger 
than a rat, the largest the size of a wolf. The posterior, or cheek, teeth of 
cynodonts varied widely. In contrast with most other therapsids, the teeth 
usually had several cusps, and in some cases a grinding surface or crown had 
developed much as in mammals. 

The therocephalians (Fig. 234) were contemporaries of the gorgonopsi¬ 
ans and resembled them in many features. But they were already in advance 
of either gorgonopsians or cynodonts in one respect, for they had attained 
the mammalian phalangeal formula of 2~3-^3-“3-3 (Figs. 226, C; 227. C), In 
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typical members of the Therocephalia, characteristic openings are present 
perforating the palate posteriorly. Therocephalians are common in the 
Middle and Upper Permian. In the Lower Triassic, Bauria (Fig. 235) and 
other genera descended from the Permian therocephalians had become as 
advanced as the cynodonts and, indeed, even more so; for in some members 
of this group the bar behind the orbit had broken down, as in primitive mam¬ 
mals, and the pineal eye had disappeared. However, these forms were less 
progressive than the cynodonts in other respects, such as the comparatively 
large size of many of the bones of the back of the jaw. The structure of the 
palate indicates that they were evolved therocephalians and that the ad- 



Fig. 234.—The skull in primitive theriodonts. Upper left, dorsal view of the skull of the gorgonopsian 
Scymnognathus^ length about 1 foot; upper rights palatal view; Unoer left, lateral view. Loteer right, lateral 
view of the skull of the tberocephalian Lycosuchus, length about 11 inches; pp, preparietal; so, supra* 
occipital. For other abbreviations see Figure 96. (After Broom and Watson.) 

vanced features which they share with cynodonts had developed independ¬ 
ently in the two groups. 

Therapsid history. —^In the varied therapsid types we span nearly the 
entire evolutionary gap between a primitive reptile and a mammal. In the 
skull the more primitive pelycosaurs had few features (apart from the small 
lateral temporal opening) not present in cotylosaurs; but in one group or an¬ 
other of the more advanced therapsids almost every diagnostic feature of 
mammals had been attained. A considerable number of bony elements had 
been lost, the pineal eye had been eliminated, the quadrate and quadratoju- 
gal were much reduced, the temporal opening had expanded, and the bar be- 
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hind the orbit sometimes disappeared. The occipital condyle was double in 
higher types as in mammals, and the palate had evolved strongly in a mam¬ 
malian direction. The jaw elements were never reduced to the dentary alone, 
as in a mammal; but the other elements had become quite small. The teeth 
were differentiated into incisors, canines, and molars, much as in mammals. 

The limb skeleton, too, approached the mammalian condition (cf. Figs. 
^2-27). The pelycosaurs still had the primitive type of limb, with the proxi¬ 
mal elements held out horizontally from the body. In the higher therapsids 
the limbs had swung around practically into the fore-and-aft position of the 
mammals and had gone through a series of structural changes which was a 
logical consequence of this changed posture; these changes included such 
features as the development of a spine and acromion on the scapula, a for¬ 
ward growth of the ilium, the development of an opening between pubis and 
ischium, and the reduction of the phalanges in some types to a formula of 



Fig. 235. — Bauria, an advanced theriodont, lateral and palatal views of the skull; length about 6 
inches. For abbreviations see Figure 96. (After Broom and Boonstra.) 


2~3-3-3-3. The skeleton of the advanced therapsids was almost as mammal¬ 
like as that of such a primitive mammal as the duckbill of Australia. 

We have noted that such mammalian characters as the reduction in pha¬ 
langes and the formation of a secondary palate have been independently ac¬ 
quired in several therapsid groups. The cynodonts are sometimes thought 
to be mammalian ancestors, but there are minor features which tend to de¬ 
bar them from such a position. Bauria in some features is closer still but may 
likewise prove to be somewhat off the path. But, although the details of the 
phylogenetic history are still uncertain, the therapsid ancestry of mammals 
seems established. 

Ictidosaurians. —^By late Triassic times the typical therapsids had ap¬ 
parently become extinct. In the mid-Jurassic there appear forms which can 
be definitely classified as mammals. Between, there lies an evolutionary “no¬ 
man’s land,” a time when the transition from reptiles to mammals was oc¬ 
curring. Unfortunately, our knowledge of this transition is poor. There are 
specimens from the late Triassic of South Africa, others from equivalent 
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(Rhaetic) beds in Europe, and a few more from the Upper Triassic of North 
America and Asia. These specimens, however, are few in number, fragmen¬ 
tary in character, and puzzling in nature. Some have been referred to at 
times as primitive mammals, some as advanced therapsids. We shall here, 
provisionally and arbitrarily, include these seemingly transitional types in 
an order Ictidosauria as a final stage in synapsid evolution toward the 
Mammalia. 

The reasons for our difficulties in interpretation and classification of this 
fragmentary material are apparent. Many of the diagnostic features of the 
mammals lie in their soft anatomy and reproductive processes, and there is 



Fig. 236, —Ictidosaiiriuns. Above, lateral and palatal views of the skull of Bienotherium, a tritylodontid 
from the Triassic of China; length of original about 5 inches; a-\-o>T, angular-{-articular; m, septomaxilla. 
(After Young and Watson.) Lower left, a small Triassic ictidosaurian from South Africa. (After Broom.) 
Loioer right, jaw of Dromatkerium from the late Triassic of North Carolina; length of original about 
inches. (After Simpson.) 


little or nothing to be learned of such matters from fossils. In the skeleton we 
have seen that the advanced therapsids have already bridged most of the 
gaps between the typical reptilian organization and that of the Mammalia. 
It is generally agreed that the dividing line may be reasonably established, 
osteologically, at the point where the “extra” jaw elements are lost and the 
dentary articulates directly with the skull. But these postdentary elements 
are already small in advanced therapsids; and, unless the material is well 
preserved, their presence or absence is difficult to determine. Api^ from 
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this, there are but a few features in the teeth and skull structure which ap¬ 
pear to be of use as distinguishing characters. 

A few of these problematical forms may be given brief mention. In Figure 
^36 is seen the skull of a small form from the late Triassic of South Africa. 
In this type, as in some of the bauriamorphans, the pineal opening had been 
lost, and the bar behind the orbit had broken down; and, further, not only 
the postfrontal but the prefrontal and postorbital, in addition, had disap¬ 
peared from the circumorbital series of bones, leaving the skull roof in an 
essentially mammalian condition. A secondary palate had developed, as in 
advanced therapsids, but was here much more like that of mammals. Prac¬ 
tically the only diagnostic reptilian character remaining was the fact that 
some of the extra jaw elements (angular, surangular, articular, and prearticu- 
lar) appear to have been present, although exceedingly small. While the post- 
cranial skeleton is poorly known, it appears to have been very mammal-like. 

Also close to the mammals appear to have been Dromatherium (Fig. 236) 
and Microconodon, known only from two jaws from the Triassic of North 
Carolina. These jaws are about an inch in length and, as preserved, consist 
of a dentary bone alone. There were three incisors, a canine, and about ten 
cheek teeth. The teeth of the molar series had elongated, narrow crowns with 
a large central cusp and accessory cusps on the slopes of the main one. It was 
long held that these forms were true mammals with but a single bone in the 
jaw rather than the seven reptilian elements; and this belief was reinforced 
by the fact that there were thought to be two roots to the molar teeth. Re¬ 
cently, however, it has been shown that the roots were not yet truly divided 
and that, although the dentary was large, there were very likely other jaw 
elements present in life. 

Still more puzzling in many ways is a group including Trityhdon of 
South Africa and Europe and Bienotherium (Fig. 236) of China, both of the 
late Triassic or earliest Jurassic. These were by no means primitive types, 
for there were specialized pairs of enlarged incisors and multicusped molar 
teeth. Such a dental battery is found in mammals among the multituber- 
culates (cf. Fig. 253) and marsupials, and Tritylodon was long thought to be 
a multituberculate and the oldest-known mammal. Recent discoveries, how¬ 
ever, include skulls of Bienotherium which show suggestive reptile-like char¬ 
acters, and jaw materials of Tritylodon or a related genus which indicate that 
the old reptilian elements were present in the jaws. The multituberculate re¬ 
semblances are merely parallelisms; the tritylodonts are, it seems, one of 
many “experiments” among these advanced reptiles in the development of 
mammalian characteristics. 
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THE STRUCTURE OF MAMMALS 

W E NOW enter upon a consideration of the mammals, the most 
intelligent and the most successful of land vertebrates. Arising, 
we believe, at about the end of the Triassic from the mammal¬ 
like reptile stock, the group remained comparatively unimportant until the 
extinction of the great reptiles at the end of the Mesozoic. From that time 
on, however, mammals increased rapidly in numbers and diversification, so 
that now they include the greater part of the animals with which one is ordi¬ 
narily familiar. They not only inhabit the surface of the earth but have in¬ 
vaded the air (bats) and returned to the seas (whales, seals, sirenians). In 
size they range from tiny shrews and mice to certain of the whales which are 
the largest of all known animals, exceeding even the greatest dinosaurs in 
size. Mammals are of particular interest to man, not only because they in¬ 
clude many of his animal friends and enemies and much of his food supply, 
but also because he himself is a member of this group. 

Diagnostic characters.—^Many of the diagnostic features of mammals 
lie in their soft anatomy and hence cannot be used in paleontology. As the 
name implies, they alone among vertebrates suckle their young after birth. 
There is thus a period of infancy and “education” which, it would seem, en¬ 
ables mammals to make better use of their finer physical and mental equip¬ 
ment. The young are, except in the most primitive forms, bom alive, the 
shell-less egg being retained within the mother’s uterus. The yolk dwindles, 
and in most cases a connection, the placenta, is formed by which the young 
can be nourished by transfusion between the blood streams of the mother 
and the young. Mammals are warm blooded, that is, they maintain a high 
body temperature with a consequent potentiality of maintenance of continu¬ 
ous activity; the presence of hair (apparently originally developed between 
the scales) aids in the preservation of the body heat. Horny scales are only 
rarely present; superficial dermal ossifications are uncommon. There is a 
four-chambered heart, as in birds, with a perfect separation of the pure and 
the impure blood, and only one arch of the aorta; but, whereas in birds the 
arch is the right, here it is the left. 

The brain is much enlarged (Fig. 237), the growth of the higher centers in 
the cerebral hemispheres being the most characteristic change; the hemi- 
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spheres grow upward and backward, cover the midbrain and often overlie the 
cerebellum, and usually further increase their area of superficial gray matter 
by an infolding of the surface. In the brains of the higher mammals the entire 
dorsal surface of the cerebrum represents a new outgrowth and infolding of 
nervous tissue, collectively called the neopallium or “new brain”; this has 
overgrown the old brain, forming a “supercontrol” system that dominates 
the old vertebrate brain beneath it. By its means memory is greatly enriched, 
and the animal is enabled to make a more or less intelligent choice between 
conflicting sensory stimuli, so that it can be guided by memory of past reac¬ 
tions and their results. It is of interest that in many groups of mammals (the 
horses, for example) there was a strong tendency for brain growth during 
Tertiary times; the older members of such groups had relatively much small- 



Fiq. 237. —The brain in A, a reptile (alligator); a lemur; C, a human (newborn child). In all, the 
brain stem is drawn at about the same actual length; the enormous increase in the relative size of the 
cerebral hemispheres (ck) may be noted. In the alligator the cranial nerves are numbered. Abbreviations: 
o//, olfactory bulb; pin, pineal eye; mb, midbrain region, with optic lobes above; pit, pituitary; cb, cere¬ 
bellum; m, medulla oblongata. 

In the cerebral hemispheres of man the various lobes—^frontal, parietal, occipital, and temporal— 
are indicated, as well as the central sulcus (c.s.) dividing the motor area from the sensory area behind it. 


cr brains than their late Tertiary and modern representatives. Activity 
guided by intelligence is the keynote of mammalian success, contrasting with 
the sloth and stupidity of reptiles. The warm-blooded condition has rendered 
possible the activity without which the many skeletal adaptations of mam¬ 
mals would be useless; the mammalian mode of development has rendered 
possible the ontogenetic elaboration of the complicated brain structure. 

Among osteological characters which are usually considered as diagnostic 
are the following: the double condyle of the skull; the presence of epiphyses 
on certain, at least, of the bones; only one element (dentary) on each side of 
the lower jaw, this element articulating with the squamosal; the tympanic 
membrane supported by a tympanic bone; the presence of three auditory 
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ossicles; the presence of only marginal teeth in the jaws; two definite tooth 
generations; two or more roots in the cheek teeth; and a single bony nasal 
opening. Some of these characters, however, were already present or fore¬ 
shadowed in the therapsids. 

Skeleton. —The study of the skeleton in mammals presents an entirely 
different problem from that encountered in the reptiles. In that class there 
is an extremely wide variation in skeletal patterns and in the elements pres¬ 
ent. The mammalian skeleton has evolved from the type seen in the mam- 
mal-like reptiles and thus is, in a sense, highly specialized to begin with. 
Once established, however, it has varied but little. Almost never are new 
skeletal elements added, and seldom are elements lost, except in the distal 
portions of the limbs in relation to locomotor adaptations. But, although the 
bones of the skeleton are essentially stabilized, tooth 
structure is, as will be seen, exceedingly variable. 
Teeth are, from their composition, the hardest of 
skeletal materials and the parts most frequently pre¬ 
served as fossils. In consequence, dentition and limb 
structure, as the two most variable and diagnostic 
features of the mammalian skeleton, will bulk large 
in our consideration of the various groups. 

The mammalian skeleton contrasts with that of 
reptiles in its thorough ossification; exceedingly little 
cartilage is present in the adult. One development in 
this regard deserves particular mention—the epiph¬ 
yses (Fig. 238). In reptiles the articular ends of 
bones are frequently covered by cartilage; growth in 
length of the bones takes place by the gradual replace¬ 
ment of this cartilage by bone. Such a process, how¬ 
ever, hinders the development of a firm articulation 
of one element with another. In mammals this diffi¬ 
culty has, so to speak, been solved: the articular sur¬ 
face is formed of bone and finished early in life. But 
between the ends and the main body of the bone 
there is a layer of cartilage in which additional bone is 
laid down. Lengthening of a bone may thus take place 
without interference with its articulations. When the element has reached 
its maximum size, this zone of cartilage disappears, and the end-segments, 
known as epiphyses, fuse with the main body of the element. After their 
fusion, growth is over. This is in contrast with typical reptilian conditions, 
in which no definite adult size is attained and growth may continue, seem¬ 
ingly, throughout life; epiphyses are rarely present. 



Fig. 238.—A mammalian 
femur at an immature stage. 
(For economy of space much 
of the shaft has been omit¬ 
ted.) The two articular re¬ 
gions and the principal 
points of muscular attach¬ 
ment long remain as sepa¬ 
rate pieces of bone—epiph¬ 
yses (e )—^between which 
and the shaft there remain 
areas of cartilage in which 
new bone may form. 
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Skull. —^The interpretation of the mammalian skull (Fig. 239) is rendered 
easier if the reptilian ground plan upon which it is based is kept in mind. It is 
a highly complex structure, differing from that of therapsids mainly in fea~ 
tures connected with the great expansion of the brain and with changes in 
the nasal apparatus and the auditory mechanism. 

As seen in dorsal view, the greatest change from the reptilian condition is 
that caused by the growth of the brain and the consequent swelling-out of 
the braincase; the temporal arches stand out from the sides of the skull as if 
they were appendages to it rather than part of the original roof. There is no 
pineal eye, and the bony external nares are fused into a common anterior 
opening. There is the normal tetrapod series of parietals, frontals, nasals, and 
premaxillae. The parietals spread down over the sides of the braincase. If 
the brain is small, the jaw muscles meet above, causing a median sagittal 
crest to develop between them. This structure is most likely to be present in 
large forms, for the brain does not increase in proportion to the rest of the 
body. There is no bar behind the orbit in primitive mammals, and the rep¬ 
tilian postorbital bone is gone. The bar may re-form in advanced members of 
many groups, but this bone does not return. The prefrontal and postfrontal 
are likewise absent; the lacrimal is small and confined to the neighborhood 
of the orbit and the tear duct. In front, the nasals project freely over the 
nares; and the premaxillae push up to meet the nasals on either side. The 
maxillae are large and deep, as they were in mammal-like reptiles. The jugal 
lies beneath the orbit and takes part in the formation of the temporal arch. 
The squamosal forms the hinder end of this bar and also the new jaw articu¬ 
lation—^the glenoid cavity—as well as extending up over the lateral wall of 
the braincase. In contrast to reptiles, quadratojugal and quadrate are absent 
from their former place at the back corner of the skull. 

As in reptiles^ there is us ually a considerable amount of fusion of the ele¬ 
ments which make up the occipital plate. The basioccipital, lying below the 
foramen magnum, is fused with the exoccipitals. The latter form much of the 
paired condyles, extend out laterally into paroccipital processes, and may 
fuse in turn with the supraoccipital. Embryology often reveals a distinct 
postparietal (dermal supraoccipital) which usually fuses with the supraoc¬ 
cipital. There is usually a transverse (lambdoidal) crest across the upper 
margin of the occiput for the attachment of neck muscles. 

On the under side of the braincase the basisphenoid lies in front of the 
basioccipital, bounded posterolaterally by the auditory region and internally 
containing a cavity (sella turcica) in which the pituitary body is lodged. At 
the side of the basisphenoid is the alisphenoid, which extends up as a wing 
around the side of the braincase and meets the roofing bones above. This 
appears to have been derived from the epipterygoid—a bone of the upper- 
jaw region of lower vertebrates, here pressed into service to cover what 
otherwise would have been a gap in the wall of the expanding mammalian 
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braincase. Anterior to the basisphenoid is the presphenoid, which forms the 
most anterior part of the floor of the brain cavity. On either side is a plate 
of bone termed the orbitosphenoid, but which is continuous with presphe¬ 
noid and essentially a part of it. These bones are seemingly derived from the 
reptilian (and amphibian) sphenethmoid. Still farther forward in the brain- 



Fiq. 239. — ^'J'he skull of llie Pleistocene wolf, Cants dirus^ to show the structure of the inaiiinialian 
skull. Dorsal, i?, lateral, and ventral views. D, Occipital view of right half of skull (top at left of 
figure). Ef Lateral view of posterior part of skull with zygomatic arch and roofing bones removed. 
Ventral view of same. Abbreviations: oc, alisphenoid canal; a/, alisphenoid; 6, auditory bulla; 6oc, basi- 
occipital; hs, basisphenoid; ec, carotid canal; sam, external auditory meatus; eU Eustachian tube; /ac, 
anterior condyloid foramen;/ap, anterior palatine foramen; infraorbital foramen; jfo, anterior lacer¬ 
ate (sphenorbital) foramen; median lacerate foramen; posterior lacerate foramen;/m, foramen 
magnum;/o, foramen ovale;/op, optic foramen (here fused with^a);/pg, postglenoid foramen (trans¬ 
mitting a nerve) ;/pp, posterior palatine foramen ;/f, frontal ;/ro, foramen rotundum;/m, stylomastoid 
foramen; g, glenoid fossa (jaw articulation); tn, internal nares; m/, infraorbital foramen;/, jugal; f, lacri¬ 
mal carrying tear duct, also lamboidal (transverse occipital) crest; m, mastoid portion of periotic; mo?, 
maxilla; no, nasal; oc, occipital (including basioccipital, exoccipital and supraocc^ital); occ, occipital 
condyle; os, orbitosphenoid; pa, parietal; pal, palatine; per, periotic; pm, premaxilla; pp, paroccipital 
process of exoccipitid; pa, presphenoid; pt, pt^ygoid; ae, sagittal crest; ag, squamosal; v, vomer. 
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case of many mammals there lies, at the hind end of the nasal chamber, a 
mesethmoid element. From this element and from the inner portions of the 
nasals and maxillae, scrolls of bone extend into and subdivide the nasal cavi¬ 
ties. These are the turbinals which are covered in life with mucous mem¬ 
branes. 

In the front part of the mouth the bony structure is not unlike that of the 
higher therapsids. The secondary palate is formed by extensions from the 
premaxilla, maxilla, and palatine back to the internal nares. Behind the 
palatine is the pterygoid, closely articulated to the basicranial region. It no 
longer reaches back to the quadrate region and ends behind in a winglike 
structure. (The ectopterygoid has vanished.) Below the braincase, in front 
of the presphenoid and partially concealed from ventral view by the second¬ 
ary palate, is a long, slim median bone, of dermal origin—the vomer. This 
is probably derived by fusion from the paired elements to which we have ap¬ 
plied this name in lower vertebrates (although another theory would derive 
the vomer from the reptilian parasphenoid). 

Auditory region.—The capsule inclosing the inner-ear region in reptiles 
and primitive amphibians (cf. Fig. 96) was formed of two bones—^prootic 
and opisthotic—usually fused, lying well back in the lateral wall of the brain- 
case, and having a lateral opening (fenestra ovalis) on the outer surface, with 
which the stapes articulated. In mammals these bones have fused into a 
single compact structure—^the petrosal. This is in contact posteriorly and 
ventrally with the occipital complex and is covered superficially in great 
measure by the squamosal. The petrosal is frequently exposed, as the mas¬ 
toid process or region, at the posterolateral margin of the skull between these 
two adjacent elements. 

In mammals the eardrum tends to be surrounded and supported by a 
small bone termed the tympanic, primitively a ring-shaped or horseshoe¬ 
shaped structure, which is thought to be a remnant of the angular bone of 
the reptilian lower jaw. Between eardrum and otic capsule in mammals is 
the air-filled middle-ear cavity, containing the delicate auditory ossicles dis¬ 
cussed below. There is a tendency in most mammalian groups for this cavity 
to be surrounded by bone, which may form an auditory bulla. This fuses 
with the petrosal, the fused mass being termed the periotic. The bulla is, 
however, formed in somewhat variable fashion. The tympanic bone may 
grow inward from the eardrum to form the entire structure; in many forms, 
however, a new element, termed the entotympanic, not present in any rep¬ 
tile, takes part in bulla formation. 

Skull openings.—The various openings in the skull (foramina and fenes- 
trae) are numerous, complicated, and important. They may be roughly di¬ 
vided into (1) openings out of the braincase for cranial nerves and (£) open¬ 
ings for blood vessels and various ducts. 

Mammals possess twelve cranial nerves, passing directly from the brain 
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to the sense organs and muscles of the head and throat. We shall briefly list 
these and their more usual relations to the skull openings (Fig. 239, JB, F), 
Nerve I, the olfactory, reaches the nasal chamber by perforating the anterior 
end of the braincase in the ethmoid region. Nerve II, the optic, passes out 
to the eye through the optic foramen in the orbitosphenoid. The three small 
nerves to the muscles of the eye (III, IV, VI) and part of the large nerve V 
(trigeminal) pass out through the foramen lacerum anterius (or foramen 
sphenorbitale) between orbitosphenoid and alisphenoid inside the cavity of 
the orbit. Two other branches of nerve V pass out through the foramen ro- 
tundum and foramen ovale, both in the alisphenoid bone. Nerve VII (facial) 
passes through the petrosal and emerges at the edge of the skull from the 
stylomastoid foramen. Nerve VIII, the auditory nerve, passes into the petro¬ 
sal to the inner ear and does not, of course, reach the surface of the skull. 
Nerves IX, X, and XI (glossopharyngeal, vagus, and accessory) pass out 
through the posterior lacerate or jugular foramen between the basioccipital 
and the ear capsule, while XII (hypoglossal) sometimes accompanies them 
but originally emerged through an anterior condyloid foramen in the ex- 
occipital. 

The lacrimal duct usually pierces the lacrimal bone at the anterior edge 
of the orbit and runs inward to reach the nose. An infraorbital canal carries 
blood vessels and nerves forward from the orbit through the maxilla into the 
face. On the palate the incisive foramina between premaxilla and maxilla 
have openings into the mouth in many mammals for Jacobson’s organ (ab¬ 
sent in man)—an accessory nasal pouch for smelling mouth contents; farther 
posteriorly the palatine foramina transmit blood vessels. There is often an 
alisphenoid canal carrying an artery forward through the base of the ali¬ 
sphenoid bone. The internal carotid artery which supplies blood to the brain 
usually passes forward from the hind end of the skull through a carotid canal 
running forward under cover of the petrosal from near the posterior lacerate 
foramen, while at the front end of that bone the artery passes up into the 
braincase through the foramen lacerum medium, an opening between petro¬ 
sal and alisphenoid. In this region there is an opening into the auditory bulla 
for the Eustachian tube leading from throat to middle ear. In the jaw there 
is a foramen (inferior dental) on the inner side near the posterior end through 
which enter nerves and blood vessels, and a mental foramen well forward on 
the outer side to give a blood and nerve supply to the chin and lower-lip 
region. 

Jaw and auditory ossicles. —^In the lower jaw there is but a single ele¬ 
ment on each side—^the dentary. This has an ascending ramus with a coro- 
noid process (for the temporal muscle which closes the jaw) and an articular 
process. At the lower back corner of the jaw there is often an angular process 
for the attachment of muscles. 



THE STRUCTURE OF MAMMALS 


299 


Of the other elements of the reptilian jaw (cf. Fig. 230), the splenial, coro- 
noid, and surangular seem to have disappeared in mammals. The angular 
has become the tympanic bone. This leaves the articular (with which the 
prearticular is fused) and, in the upper jaw, the quadrate (to which in mam¬ 
mal-like reptiles the quadratojugal was fused). The fate of these two bones 
has been a curious one. 

In mammal-like reptiles the sole auditory ossicle—^the stapes—^ran out to 
touch the quadrate; this element, in turn, was in contact with the articular 
bone of the jaw. In the mammalian auditory region this “stirrup bone’’ is the 
inner member of a chain of three ossicles, an outer one—^the malleus or “ham¬ 
mer”—^receiving vibrations from the eardrum and transmitting them to the 
stapes through the incus or “anvil.” The origin of these two “new” elements 
was long disputed. But a study of their embryology confirms the conclusion 
to which a consideration of the jaw changes undergone in the evolution of 
mammals leads us. The malleus is the old articular; the incus, the reptilian 
quadrate. Once important bones, they had become useless for their original 
purpose and, lying close to the auditory region, were salvaged and put to a 
new use. This change was presumably facilitated through the fact that in the 
mammal-like reptiles the eardrum lay close to the jaw region. Very likely 
quadrate and articular had begun to function in sound transmission before 
they had lost their function as jaw elements. 

The history of the auditory ossicles is one of the best examples of a change 
of function to be found in vertebrates. These elements, it will be recalled, 
were once part of the shark jaw apparatus; and this, in turn, was derived 
originally from branchial bars. Accessory breathing organs were transformed 
into biting structures and these, finally, into part of the hearing apparatus. 

Some portions of the reptilian branchial apparatus, especially the hyoid, 
remain in the tongue and throat of mammals, but they are paleontologically 
unimportant. 

Dentition.—Teeth in mammals are confined to the margins of the jaws. 
They consist (Fig. 240) of incisors, canines, premolars, and molars. In the 
upper jaw the incisors are in the premaxilla, the others in the maxilla. All 
the teeth except the molars have, normally, a “milk” or deciduous set pre¬ 
ceding the permanent ones. The deciduous teeth appear, in general, in rather 
regular order from front to back (although canines with heavy roots may 
lag a bit in their appearance). When the premolar row has been completed, 
the molars appear in order, posterior to them. But meanwhile the replace¬ 
ment of the anterior teeth begins again in fore-to-aft sequence. The molars 
are “permanent” teeth but are actually posterior, unreplaced members of 
the same set of teeth to which belong the deciduous teeth anterior to them. 
This tends to explain the fact that in many cases the “milk” premolars are 
more like the molars than are the permanent teeth which replace them. 



300 


VERTEBRATE PALEONTOLOGY 


In a primitive placental mammal there were three incisors in each half of 
each jaw. No mammal has more than one pair of canines above and below. 
Four premolars and three molars in each half of the jaw is the number pres¬ 
ent in primitive placentals. This set of statements may be written simply as 


a dental formula. 


3 .1.4.3 
3.1.4.3 


X2 


= 44; and a similar system may be used for 


any set of teeth. Primitive mammals may have a larger number of teeth; in 
placentals the formula given is usually the maximum, and there is often a 

g.1 

considerable reduction; our own formula, for example, is ^ ^ X 2 = 32. 

The incisors are generally nipping teeth of moderate size. In some cases 
(as in rodents) a pair may be developed as strong chisels, or they become 
tusks, as in the elephant. The canines are primitively long, stabbing, cone- 
shaped teeth. They are emphasized in carnivores; in herbivores they may be 
lost but are sometimes retained as defensive weapons. The cheek teeth— 



Fig. 240. —^Diagrams to show the types and numbers of teeth in a primitive placental mammal. 
Deciduous (‘*milk”) teeth. Abbreviations: dt, deciduous incisors; dc, deciduous canine; dm, deciduous 
premolars (“milk molars”). B, Permanent dentition. Abbreviations: i, incisors; c, canine; p, premolars; 
m, molars. 

premolars and molars—usually have at least two roots in mammals. The 
four premolars are primitively simpler in structure than the molars. In many 
herbivore types they tend to become more complicated and may resemble 
the molars. In herbivorous mammals the molars tend to take on a compli¬ 
cated pattern, but in carnivores they tend to become reduced. 

In primitive mammals there was a closed tooth row, without pronounced 
gaps; but herbivores tend to develop a gap, or diastema, between the front 
teeth which secure the food and the cheek teeth which masticate it. 

Cheek teeth were primitively low crowned (brachyodont); but in many 
large animals or in forms in which there is unusual wear, as in gnawing or 
grass-eating, they become high crowned (hypsodont). The roots primitively 
closed, limiting the amount of crown material formed, but in some forms 
part or all of the teeth may have a continuous growth. 

Molar structure. —^Reptilian teeth are generally simple cones. Mam¬ 
malian molars generally have a broad crown bearing a number of cusps or 
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ridges arranged in a complicated pattern which varies widely from group to 
group. It was only natural that there should have arisen various theories to 
account for the origin of molar patterns and to homologize the various cusps 
and crests found in different types. There have been some fantastic theories 
based on the idea that each cusp represents an originally separate tooth; 
however, the tritubercular theory set forth below is generally accepted today 
in at least certain of its aspects. 

The theory starts with the type of molar teeth found in many primitive 
placentals, particularly Paleocene and Eocene forms (Fig. 241). In the upper 
jaws the molars are triangular in shape, with three major cusps. A single 
cusp is found at the inner apex; this was once believed to represent the origi¬ 
nal reptilian cone and hence is called the protocone. External to this is the 
paracone; back of the paracone is a 
third, the metacone. Along a ridge 
leading out and forward from the 
protocone there is often a smaller cusp, 
the protoconule (or preferably para- 
conule); along a similar posterior ridge, 
a metaconule. Paracone and metacone 
may be partially joined by ridges. On 
the outer margin of the tooth there was 
primitively a prominent shelf, termed 
a cingulum; and cingula also tended to 
be present along the margins anterior 
and (particularly) posterior to the pro¬ 
tocone. 

In the lower jaw there was a similar 
triangle, but with the base inside and 
the apex outside. Similar names are 
given to these cusps, but with the sufBx 
-id: protoconid, paraconid, metaconid. 

Back of the triangle, or trigonid, is a 
low extension, the heel or talonid. 

This bears two cusps—an external one 
termed the hypoconid and an internal 
one, the entoconid; in addition, there is often a third, smaller cusp—the 
hypoconulid. A cingulum is often present along the anteroexternal margin. 

This primitive type of molar tooth, often with fairly sharp cusps, has been 
termed “tuberculosectorial” or (preferably) “tribosphenic.’’ The triangles 
are asymmetrical, the front edge of the upper tooth and the hind edge of the 
lower trigonid being perpendicular to the edge of the jaw. Each upper tooth 
centers behind its proper lower mate (Fig. 242); and if it were not for the heel 



Fio. 241.—Molar teeth of primitive placen¬ 
tals. Upper row, right upper molars; lomr row, 
left lower molars. A, Omomys, a Paleocene 
tarsioid, with a tritubercular pattern; B,Hyra- 
cotherium, a Lower Eocene horse, showing the 
evolved quadritubercular pattern. Abbrevia¬ 
tions: upper molars— hy, hypocone; me, meta¬ 
cone; mel, metaconule; pa, paracone; pci, prl, 
protoconule; pr, protocone; lower molars— end, 
entoconid; hid, hypoconulid; hyd, hypoconid; 
med, metaconid; pad, paraconid; prd, protoco- 
ni<l. In addition to the cusps showm, primitive 
lower molars frequently bear a sixth cusp, a 
hypoconulid, at the posterior margin. 
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below, which received the protocone in its basin, the two teeth would pass 
each other. A shearing action is obtained by this partial passage, while the 
partial opposition of the cusps gives a chopping efiFect. 

Mammalian cheek teeth, in contrast to those of typical reptiles, tend to 
have divided roots. In primitive placental types the upper molars had three 
roots, one beneath each major cusp, and the lower molars two, one each be¬ 
low trigonid and talonid. 

In carnivorous mammals there has been comparatively little change from 
the generalized condition described above. In herbivorous or mixed feeders, 
with the development of a grinding surface, the pattern tends to become 
complicated (Fig. 241). In the upper molars the tooth tends to square 
itself up, usually by the addition of a fourth cusp, the hypocone, at the inner 




Fig. 242. —(^heek teeth and canines of DidelpkoduSt an Eocene insectivorc, to show cx;clusional rela¬ 
tions. /I, Right upper tooth row; C, left lower tooth row; R, the two superimposed to show occlusional 
relations. Each upper tooth lies behind and outside its homologue in the lower jaw. The two rows par¬ 
tially pass each other, with a shearing action along the diagonal line between each upper tooth and the 
lower tooth behind it. The passage of the upper tooth is stopped by the heel (talonid) on the correspond¬ 
ing lower molar; the protocone fits into the basin of the talonid. For abbreviations see Figure 241. (After 
Gregory.) 


back corner; the intermediate cusps may remain or drop out. The lower 
teeth tend also to square up, but in a more complicated way, by building up 
the heel to a level of the rest of the tooth and dropping the paraconid from 
the front end so that the four definitive cusps are the protoconid, metaconid, 
entoconid, and hypoconid. 

The cusps present may form various types of patterns. They may remain 
separate but low and rounded—a bunodont (hillock) type of dentition char¬ 
acteristic of such mixed feeders as men and pigs (Figs. 267; 337, F, G; etc.). 
Each cusp may tend to expand into a crescent (selenodont type) (Fig. 386, 
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C-H; etc.). Rows of cusps may tend to fuse into ridges (lophodont); for ex¬ 
ample, the two outer cusps of the upper molars may form a ridge, called the 
ectoloph; an anterior row of cusps may join to form a protoloph; or the back 
ones may form a metaloph; in lower teeth there may be similar cross-crests 
termed metalophid and hypolophid (Fig. 243). Vertical ridges, or styles, 
may form on the edge of the teeth to add to the complication of the pattern. 

This tritubercular terminology affords an exceedingly useful method for 
the description of placental molar teeth. But the theory orginally attempted 
also to explain the evolution of tritubercular placental teeth from the single- 
cusped tooth common in reptiles. It assumed that there had developed three 
cusps in an anteroposterior row, as in the triconodonts described in the next 
chapter (Fig. 251). Then a rotation of the cusps into the triangular shape 
seen in the Jurassic symmetrodonts was thought to have taken place; it was 
assumed that from this condition through the Jurassic pantotheres, or tritu- 
berculates, arose the type of tooth 
found in primitive placentals. 

But this part of the tritubercular 
theory is far from acceptable. In the 
first place, the triconodonts and sym¬ 
metrodonts probably have nothing to 
do with the evolution of the remaining 
mammals, and there is no evidence of 
the supposed rotation of thecusps. Fur¬ 
ther, in the supposed rotation of cusps 
it was assumed that the original reptilian cone remained at the apex of the 
triangle, internal above and external below, and it was for this reason that 
the names protocone and protoconid were applied to the apical cusps. If 
this were true, it would be expected that this apical cusp, as the oldest his¬ 
torically, would appear first in the embryological development of teeth and 
that when we trace forward in the tooth row of an animal this cusp would be 
homologous with the principal cusp of the premolars. This is true in the 
lower teeth: the protoconid appears to be the primitive reptilian cusp. But 
in the upper molars the paracone—^not the protocone—is the first to appear 
in tooth development, and it is the paracone and metacone which are in line 
with the main cusp of the premolars (Fig. 242). Probably, then, the para¬ 
cone is really the original reptile cusp; the protocone is a newer development 
at the internal border, while the metacone was formed by splitting off from 
the paracone. 

But while we must divest the names of phylogenetic meaning, it remains 
true that, starting with a primitive placental, the tritubercular nomencla¬ 
ture is a very valuable tool for the description and comparison of placental 
molars. 


ectofoph 



hqpo- 

lopnid<u 


metalophid 


proto¬ 

loph 


Fig. 24S.—Right upper and left lower molars 
of a fossil rhinoceros, to illustrate a common 
type of lophodont tooth. 
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Postcranial skeleton. —The skeletal features of such a generalized 
mammal as an opossum or certain insectivores are the logical outcome of the 
adaptations for rapid quadrupedal progression seen in the therapsids; the 
opossum is a “living fossil,” with a skeleton changed but little from the an¬ 
cestral mammals of the Mesozoic. The reptilian ancestors of the mammals 
presumably were ground dwellers. But the flexibility of the skeleton of the 
more generalized mammals and the fact that “thumb” and “big toe” (pollex 
and hallux) tend primitively to be set off to a slight extent from the other 
digits, as if some grasping power were early present, suggests a primitive 
arboreal stage. 

In the axial skeleton (Fig. 244) there is greater regional differentiation 
than in reptiles. Ribless lumbar vertebrae are clearly set off from the rib¬ 
bearing dorsals. The cervical region also appears to be ribless, for the ribs are 
short and fuse in the embryo with the vertebrae. The tail is often long but is 



Fio. 244,—^Skeleton of the living tree shrew Tupaia. Abbreviations; cp, cervical vertebrae; fp, lumbar 
vertebrae; jr, sacrum; <p, thoracic vertebrae. (After Gregory.) 


merely an appendage, not an integral part of the body, as in most reptiles. 
The sacral vertebrae tend somewhat to increase in number, and the original¬ 
ly separate sacral ribs tend to be lost and to be replaced by the transverse 
processes. 

The number of vertebrae is much less variable than was the case in rep¬ 
tiles. In general, there are about twenty-five to thirty vertebrae in front of 
the sacrum. The number of cervicals is almost invariably seven; the long¬ 
necked giraffe and the neckless whale differ, not in number of neck verte¬ 
brae, but in their proportions. The number of rib-bearing dorsals commonly 
ranges from about twelve to fourteen, lumbars from five to seven, sacrals 
from two to five. The caudals are, of course, rather variable; there are rarely 
as many as two to three dozen. The chief changes from the therapsid condi¬ 
tion are seen to be: (1) fusion of the cervical ribs with the transverse proc¬ 
esses, (2) loss of ribs in the lumbar region, and (8) tendency for reduction 
of the tail. 

The breastbone, or sternum, unimportant in reptiles, becomes a major 
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feature of the skeleton in mammals. All the longer dorsal ribs attach firmly 
to it. A tough membrane (the diaphragm) closes off the barreUike chest re¬ 
gion posteriorly. Continued breathing is a necessity for warm-blooded types; 
this is accomplished by expansion and contraction of the ribs (held together 
by the sternum) and the diaphragm. 

The general contour of the backbone is similar to that of the therapsid an¬ 
cestors. The cervical vertebrae slant downward from the head. Above the 
shoulder region, at about the beginning of the dorsal vertebrae, the curve of 
the back rises, to descend through the lumbar region to the sacrum and tail. 
The neural spines of the more anterior trunk vertebrae slant backward, those 
of the lumbar region forward; in the posterior part of the dorsal series there 
is a transitional (anticlinal) vertebra, whose spine points upward. 

The first two vertebrae, the atlas and axis, are of particular interest (Fig. 
245). The atlas consists of a ring composed of its own neural arch plus its in- 



Fig. 245.—The atlas and axis in A, the therapsid Moschops; the Oligocene canid Daphoenug. 
Lateral views from right side. Bu dorsal view of mammalian atlas, posterior end to the left. In both A 
and B the two elements are separated. The atlas consists of the neural arch and the intercentrum of the 
first vertebra (separated in ^); these form a ringlike structure in mammals {Bi). In mammals the centrum 
of the first vertebra is fused with the axis as the odontoid process, fitting into the cavity of the atlas. 
Abbreviations: ci, c2, centra of the first and second vertebrae; tcf, ic2, intercentra of same; nai, na2t 
neural arches; od, odontoid process of axis {=cl). 


tercentrum. The axis has, in addition to its own proper elements, the cen¬ 
trum of the atlas attached to its front end as the odontoid process. 

Limbs.—^The limbs have continued the rotational process noted in our dis¬ 
cussion of the therapsids, so that they lie parallel to the body and almost un¬ 
derneath the trunk. Humerus and femur work in a fore-and-aft plane (Fig. 
246), functioning as a type of lever with the fulcrum (knee or elbow) at one 
end, the weight to be raised near the other end at the articulation with the 
girdle, and the major force (muscles) attached just beyond at the very tip 
(greater tuberosity of the humerus, greater trochanter of the femur). The 
chief muscles are, consequently, dorsal in position, and therefore the limb 
girdles tend to be reduced ventrally and expanded above. This is particular¬ 
ly marked in the shoulder girdle (Fig. 222, D). In typical mammals the inter¬ 
clavicle and the two ventral coracoids have disappeared except for a nubbin 
of the posterior (true) coracoid element underneath the scapula. The spine 
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of the scapula with which the clavicle articulates is in reality its old front 
edge; the region anterior to the spine is a new development, an addition on 
the front for the accommodation of muscles moving up from the coracoid. 
In the pelvis, too (Fig. 22S, D-F), there has been a rotation of bone related 
to rotation of muscles; and the ilium extends far forward, not at all back, 
while the pubis and ischium are as much behind as below the acetabulum. 

The humerus and femur have, of course, changed considerably from the 
primitive condition because of their rotation. The humerus (Fig. 224, D) has, 
near its proximal end, greater and lesser tuberosities for attachment of the 
muscles connecting it with the body; distally the primitive reptilian entepi- 



Fio. 246.—^Diagram to show the differences in the musculature of the hip region between a pelycosaur 
(A) and a mammal (B). In A the principal muscles pulling the femur downward and backward (shown 
in heavy lines) attach to the tail and ventral part of the pelvic girdle. In B these muscles are reduced 
and replaced to a considerable extent by muscles attached to the greater trochanter and inserting on the 
ilium. 



Fig. 247. —Diagrams to show the contrast in nomenclature of the carpal and tarsal elements in mam¬ 
mals and reptiles. A, Carpus of reptile; B^ carpus of mammal; C, tarsus of reptile; D, tarsus of mammal. 
Metacarpals and metatarsals in Roman numerals, distal carpals and tarsals of reptiles in Arabic. Ab¬ 
breviations: os, astragalus; c, centrale; caf, calcaneum; cu, cuboid; ec, ectocuneiform; snc, entocuneiform; 
fibf fibula;/6s, fibulare; tnf, intermedium; Zu, lunar; nc, mesocuneiform; mg^ magnum; nav, navicular; 
pt>, pisiform; rZs, radiale; sc, scaphoid; id, trapezoid; iih, tibia; tz, trapezium; un, unciform; ule, ulnare. 

condylar foramen is often present. The femur (Fig. 225, C) has greater and 
lesser trochanters proximally for muscular attachment and often has a third 
trochanter more distally (a useful diagnostic character in many cases). In 
carpus and tarsus we lose, unfortunately, the simple and logical reptilian 
names for the elements and have to adopt a series of individual ones which 
vary considerably from author to author. In the carpus (Fig. 247, B), in¬ 
stead of radiale, intermedium, and ulnare, we speak of scaphoid, lunar, and 
cuneiform, while an accessory bone on the outer side is called the pisiform. 
The centrale retains its name, while the four distal carpals are, in order, the 




THE STRUCTURE OF MAMMALS 


307 


trapezium, trapezoid, magnum, and unciform. In the tarsus (Fig. 247, D) the 
intermedium and fibulare are termed the astragalus and calcaneum. The 
former develops a rolling joint over which the tibia moves freely; the latter 
projects back as a prominent heel bone to which the calf muscles attach. The 
distal tarsals become the internal, middle, and external cuneiforms and the 
cuboid. The primitive phalangeal formula is that which we have seen develop 
in some mammal-like reptiles, namely, 2-3-3-3-3 (Fig. 248). The pollex and 
hallux are usually somewhat shorter and thicker than the other toes and 
diverge somewhat from them, suggesting a grasping power in the primitive 
mammals. The feet in primitive forms presumably were armed with sharp 
claws. 

Locomotor adaptations. —From the type of skeleton described above, 
there have been wide variations. Locomotor adaptations to different modes 
of life are varied and often striking. 

Among ground dwellers, fast running has 
evolved in many different groups. The 
beginning of such an adaptation is seen 
in the dog; the horse or antelope shows 
an extreme development. The originally 
flexible skeleton becomes adapted almost 
entirely to a fore-and-aft motion of the 
legs, so that other motions become awk¬ 
ward or impossible. The foot, which 
originally lay nearly flat on the surface, 
in a semiplantigrade (palm-walking) po¬ 
sition, tends to be lifted from the ground; 
and the metacarpals and metatarsals elongate, forming an extra limb seg¬ 
ment (as in the hind legs of some dinosaurs and birds); the divergent hallux 
and pollex tend to be reduced and disappear. The animal now walks on the 
toes (digitigrade). The clavicle disappears, thus freeing the shoulder from 
any bony connection with the body and breaking the jar of landing on the 
front feet after a bound. 

The dog has reached a stage such as that outlined above. But many forms 
have progressed beyond this, with the development of hoofs and further re¬ 
duction of toes, to the ungulate (hoofed) condition to be considered in a later 
chapter; while heavy ungulates have, in relation to the carriage of weight, 
developed ponderous, straight legs analogous to those of the sauropod dino¬ 
saurs—^these are the graviportal (weight-bearing) types. 

Still other types which have progressed considerably toward fast locomo¬ 
tion on the ground are leaping forms, as the kangaroos and jumping rats, in 
which the body is held partially or fully erect and the propulsive force is a 
sudden spring with the hind legs. 
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In a number of groups, especially among primitive placental insect-eaters, 
underground burrowing types have developed in which the most prominent 
adaptation is the development of very strong front legs for digging purposes. 

In tree-living forms the skeleton remains flexible in correlation with the 
necessity for agility. Adaptations are present for holding onto the trees, often 
by an opposable thumb and big toe but sometimes merely through sharp 
claws for digging into the bark. The tail is usually well developed as a balanc¬ 
ing organ and is often prehensile. Some forms tend to swing more especially 
by the hands (brachiation), with interesting evolutionary results. These 
adaptations are discussed in detail in connection with the primates. A fur¬ 
ther tendency on the part of tree-living types has led in a number of groups 
to the development of gliding forms, in which a membrane has developed in 
connection with the limbs; and a final stage in this evolutionary process has 
resulted in the development of true flight in the bats. 

Again (as in reptiles) mammals may tend to revert to an aquatic exist¬ 
ence. A number of marine mammals, such as seals, whales, sea cows, sea 
otters, have developed. The limbs are retransformed into finlike organs; the 
fusiform body shape of the fish tends to be reassumed; a tail fin, and even a 
dorsal fin, may be redeveloped. 



CHAPTER 16 


PRIMITIVE MAMMALS 


I IVING mammals are easily divisible into (1) monotremes (the duck¬ 
bill and spiny anteaters of Australia), which are egg-laying types; 
J (2) marsupials, including the opossums and a large number of Aus¬ 
tralian forms which bear the young alive but at an immature stage; (3) pla- 
centals, in which the young are retained longer within the mother’s body 
and a highly developed placenta is present. The first are called the subclass 
Prototheria, or primitive mammals; the second and third together may be 
termed the Theria, or true mammals, with the term Metatheria applied to 
the marsupials and Eutheria to the placentals. Such divisions are satisfac¬ 
tory for living forms. But the monotremes are almost unknown as fossils, 
and marsupials and rare placentals appear only at the end of the Cretaceous. 
Most Mesozoic fossil forms pertain to orders not particularly close to living 
groups; and, since we have no knowledge of their mode of reproduction, they 
are difficult to classify. 

The mammal-like reptiles which flourished in Permian and early Triassic 
times had become very rare by the end of the latter period, and only a few 
specialized forms persisted into the Jurassic. Mammals presumably came 
into existence during the Triassic, but we know extremely little about their 
history during almost the entire span of the Mesozoic. As was noted earlier, 
there are few, if any, Triassic fossils which can be surely classed as mammals. 
In the Jurassic, mammals are definitely present; but almost all known re¬ 
mains come from two English localities and one small bone pocket at Como 
Bluff, Wyoming. Between the Upper Jurassic and the Upper Cretaceous, 
when marsupials and the first placentals appear, we know but two or three 
teeth. Further, almost all the earlier Mesozoic remains consist of isolated 
teeth or, at the most, jaws; prior to the Upper Cretaceous we have not one 
single skeleton, not one complete skull. Even in the Upper Cretaceous, mam¬ 
mal remains are rare, mostly fragmentary, and are found only in a few areas 
in North America and Mongolia. In consequence, we are as yet in the dark 
as to much of the history of Mesozoic mammals. We know little except the 
dental anatomy of the forms which have been found; and the sparseness of 
the record suggests that many groups may well have existed but have es¬ 
caped discovery. 
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This absence of material is, presumably, not due to any great rarity of 
mammalian life during these times but to the small size of the Mesozoic 
mammals. On the average they were no bigger than a rat or a mouse; and 
the delicate bones of such forms would seldom be preserved and, even if ex¬ 
posed, would tend to be overlooked by collectors. 

Monotremes. —^Before considering these early fossil types, it will be ad¬ 
visable to discuss the living members of the order Monotremata, a group 
which is paleontologically almost entirely unknown but which must have 
had a long independent history. The duckbill (Ornithorhynchus) and spiny 
anteaters {Echidna or Tachyglossus, etc.) of Australia—the only living mono¬ 
tremes—are among the most bizarre and paradoxical of living vertebrates. 



Fia. 249.—Chronologic distribution of the lower mammalian types 


They have such mammalian features as milk glands (of primitive structure), 
hair, and but one lower-jaw element. However, they are exceedingly primi¬ 
tive in that, in contrast to all other mammals, they still lay eggs, while many 
other reptilian characters are present in their skeletons and soft anatomy. 
They are highly specialized in their modes of life and in consequent adapta¬ 
tions, such as the loss of teeth, development of a bill, and peculiar limb struc¬ 
ture for digging or swimming. The spiny anteater has a pouch like that of 
marsupials. 

The duckbill has a broad bill; the anteater, a long slim beak suitable for 
ant-eating. Both are toothless as adults. The anteater has no trace of teeth; 
in the duckbill there are a few irregularly shaped molar rudiments in the 
young which have been compared (but with little success) to those of the fos¬ 
sil multituberculates. The braincase is moderately expanded; the frontal 
bones are unusually small, the nasals large. There is no lacrimal, and the jugal 
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is reduced or absent. There is a large palatine forming part of the long second¬ 
ary palate; the ectopterygoid (in contrast with other mammals) has been 
retained; there is a large vomer and an additional pair of small problematical 
bones at the front of the palate. The orbitosphenoid is large; pterygoid and 
alisphenoid are present but peculiarly developed. There is no formation of 
an auditory bulla; the tympanic bone is a loose open ring, and the recess for 
the middle ear is only partially inclosed by extensions from the petrosal and 
alisphenoid. The jaws are reduced. 

The presence of unfused cervical ribs is again a primitive feature. The 
shoulder girdle (Fig. 222, C) is emphatically reptilian; for an interclavicle 
is still present, there are two large ventral coracoid elements, and in the scap¬ 
ula there is no spine or supraspinous area. In the pelvis (Fig. 22S, D) there 
are long marsupial bones extending forward from the front of the pubis, as in 
marsupials. The limbs are highly specialized for digging. 

There are remains of both monotreme types in the Pleistocene of Aus¬ 
tralia; beyond this we know nothing about the history of this group; the ab¬ 
sence of teeth, coupled with other marked specializations in the living mono- 
tremes, renders comparison almost impossible. Certainly, they are very 
primitive, as well as highly specialized; and it has been suggested that they 
represent a line of descent from mammal-like reptiles entirely separate from 
that of other living forms. Their survival in the Australian region may be at¬ 
tributed partly to their specialized mode of life and partly to the long isola¬ 
tion of that region from other continents. 

Jurassic mammals.—^The fom orders next to be considered constitute the 
entire mammalian fauna of the few localities in Europe and North America 
in which Jurassic mammals are present; except for the aberrant multituber- 
culates, these groups are unknown in later periods. They arc by far the oldest 
of known mammals, barring the problematical Triassic types mentioned in 
our discussion of advanced therapsids. Osteological evidence suggests that 
they were well above the evolutionary level of the egg-laying monotremes 
and thus properly to be classed with the marsupials and true placentals 
among the Theria. They include, presumably, the ancestors of these later 
groups and are thus of great phylogenetic importance. All, however, were of 
modest size, and, in consequence, their remains are rare and consist mainly 
of isolated teeth, occasional jaws, and a few limb bones and skull fragments. 

Triconodonts.—^The order Triconodonta comprises a series of forms from 
both Middle and Upper Jurassic which grew to relatively large size; Tricono- 
don of the Upper Jurassic was the size of a cat. Very probably they were true 
carnivores, rather than insectivorous types. The dental formula reached 
as high as 4 *1 *4 *5 for the lower jaw; incisors, large canines, relatively simple 
premolars, and molars were differentiated in typical mammalian fashion. 
The molars in such forms as Triconodon or Priacodon (Figs. 250, A; 251) 
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had three sharp conical cusps of about equal height, arranged in a fore-and- 
aft row, upper and lower cheek teeth meeting in a longitudinal shearing de¬ 
vice. In Amphihstes, a more primitive member of the group, the middle cusp 
was the tallest, and the three were not so discrete; and it is obvious that these 
teeth might easily have been derived from a type such as that seen in Cynog- 
nathus and certain other therapsids. A natural cast shows the brain to have 



Fig. 250. —^Jurassic mammals. Restoration of front part of skull of Priacodon^ a triconodont, 
about twice natural size; B, inside of jaw of Spcdacotheriumt a symmetrodont, about | natural size; 
inside of jaw of Amphitheriumt a pantothere, about twice natural size. (After Simpson.) 



Fig. 251.—Molar teeth of Jurassic mammals. Left, right upper molars, external and crown views. 
A, Priacodon, a triconodont (X4|); B, Eurylambda, a symmetrodont (XOf); C, Melanodon, a panto- 
there (X7^). In C: a, amphicone; p, probable homologue of placental protocone. Right, lower left molars, 
internal, crown, and external views. A, Priacodon, a triconodont (XI approx.); B, Spalaootherium, a 
symmetrodont (X5); C, DryoUsies, a pantothere (Xll). (After Simpson.) 

been very small and primitive. This group was once believed to demonstrate 
a stage in the development of the type of molars characteristic of higher mam¬ 
mals. But more probably the triconodonts were a divergent side branch not 
ancestral to other forms. 
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Symmetrodonts.—The order Symmetrodonta has been established for 
the inclusion of a number of late Jurassic forms, such as Spalacotherium 
(Figs, 250, B; 251, 5) and Eurylambda (Fig. 251, 5), also of comparatively 
good size and comparatively predaceous habits. These forms also had three 
separate cusps in each molar tooth and hence were at one time included in 
the triconodonts, with which group they agree in the absence of an angular 
process on the jaw. But in the present types the three cusps were arranged 
in a symmetrical triangle, with the base external above, internal beneath. 
Early advocates of the tritubercular theory believed that they had arisen 
from triconodonts by a rotation of the cusps. But there is no evidence of such 
rotation, and they probably had nothing to do with that group. Although 
possibly related to the next order, the symmetrodonts seem to have been 
somewhat off the main evolutionary line. The symmetry of the molar tooth 
in this group is in contrast to the molar shape of pantotheres, and the lower 
molars lack the “heel” characteristic of that 
order and of all later mammalian groups. 

Pantotheres.—Most important of Jurassic 
orders from an evolutionary point of view is 
that of the Pantotheria, frequently termed 
Trituberculata (Figs. 250, C; 251, C; 252). 

Most representatives are from the late Juras¬ 
sic; Amphitherium, the only Middle Jurassic 
genus, is a generalized form but known only 
from the lower jaw. In Amphitherium this is 
long and slender, and, in contrast to other 
Jurassic orders, there is a well-developed angular process. In addition to 
four incisors, a canine, and four premolars, there are seven molar teeth—an 
unusually high number but perhaps a rather primitive one. The molars show 
a three-cusped, asymmetrical trigonid, comparable to that of later groups; 
and particularly significant is the presence of a “heel” or “talonid,” absent in 
the orders so far mentioned. 

In the late Jurassic mammal localities of Europe and America, pantotheres 
are abundant and so varied that they are placed in three distinct families. 
The Paurodontidae, as the name suggests, have a much reduced tooth count; 
the Docodontidae are obviously specialized in molar structure; the Dryo- 
lestidae, such as Melanodon, appear to be closest to the generalized and primi¬ 
tive pattern. The lower molars in the last family are rather similar to those of 
Amphitherium. The upper ones are (as in early marsupials and placentals) 
asymmetrical triangular structures. At the internal apex there is a prominent 
cone which fits into the basin of the talonid, as does the placental protocone. 
More laterally there is a second prominent cusp, termed the amphicone; 
this may well be homologous with the paracone plus metacone of later orders. 



Fig. 252. —Reconstruction of the 
right upper and left lower rows of 
cheek teeth of a Jurassic pantothere. 
(After (Gregory and Simpson.) 
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The outer edge of the tooth has prominent marginal cusps or cingula, as in 
opossums and early insectivores. 

Like the other Jurassic orders so far described, pantotheres are unknown 
in later strata (there are almost no remains of mammals in the Lower Creta¬ 
ceous). But while our evidence is incomplete, it can at least be safely said 
that the known characters of the pantotheres allow us to consider them as 
possible ancestors for all higher mammalian types. 

Multituberculaies. —specialized but highly successful and long-lived 
side branch of the early mammalian stock is that of the order Multituber- 
culata. These forms appear to have been the first of herbivorous mammals, 
with skull and tooth specializations for the treatment of vegetable food 
somewhat analogous to those seen among the later rodents. In dental devel¬ 
opment they are closely comparable to some of the later marsupial types and 
to Tritylodon and its allies, discussed earlier. The multituberculates tended 
to grow (as do herbivores generally) to relatively large size. Contrasting 
with the diminutive size of most other Mesozoic mammals, some forms were 
as large as woodchucks; and multituberculates may have been not so far 
from that type of animal in superficial appearance and habits. The history 
of the group is a long one. They appear in the late Jurassic and, unlike con¬ 
temporary orders, survived beyond the end of the Mesozoic to the base of 
the true Eocene before being wiped out, presumably by the competition of 
advanced placentals. 

The skull was a massive one, broad posteriorly and roughly triangular in 
outline dorsally, although the snout, capped by very large nasal elements, is 
blunt and stoutly built. The great width across the arches indicates the 
presence of powerful jaw muscles. A curious feature of the zygomatic arches 
is the total loss of the jugals. In some forms (such as Ptilodtis [Fig. 25S]) 
there are large vacuities in the palate, both anteriorly and posteriorly. The 
basicranial region is very broad and flat and with structural details unlike 
those of any other mammalian order. A braincast shows the olfactory bulbs 
(and hence presumably the sense of smell) to have been developed to a re¬ 
markable degree. The heavy jaw resembles that of triconodonts in lacking 
an angular process. 

The dentition is of ^ very specialized type. Anteriorly a pair of large in¬ 
cisors was developed above and below; smaller lateral incisors may persist 
in the upper jaW. Following a diastema (with loss of canines), there is a well- 
developed series of cheek teeth. The molars are the diagnostic multituber- 
culate feature. The lower molars are elongated, with two parallel rows of 
cusps; the upper molars opposed them primitively with two, later with three, 
similar cusp rows, the whole forming an excellent masticatory device. The 
premolars were rather variable in nature and were frequently reduced. In 
the lower jaw most multituberculates have tended to enlarge the posterior 
premolar into a large, high, striated cutting tooth. 
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The postcranial skeleton, as far as known, is typically mammalian, with¬ 
out any of the reptilian traits seen in the monotremes. 

The first multituberculates appear in the late Jurassic of Europe and 
North America and include such genera as Ctenacodon and Plagiaulax, As 
far as known, they had already developed all the essential features of mul- 
tituberculate structure. These forms, however, were relatively small, had 
but two rows of cusps in the upper molars, and retained small lateral upper 
incisors. The order was a flourishing one in the late Cretaceous and Paleo- 
cene. Cimolomys and Ptilodus were representatives of the family Ptilodont- 
idae in which there was a tendency to add a third row of cusps to the more 
elongate upper molars and to reduce the number of premolars. A very spe¬ 
cialized group is that represented by Taeniolahis (Fig. 253) and several other 
Paleocene genera. Taeniolahis was a giant of the tribe (relatively speaking), 



Fiq. 253.—Multituberculates. Skull of TaeniolabiSf original about 6J inches long; B, side view of 
Ptilodus skull, original about 3 inches long; C, palatal view of the same; Z), upper and lower cheek teeth 
of Ptilodus, about twice natural size. (Mainly after Simpson.) 

with a broad, blunt skull half a foot long, very heavy incisors, premolars 
reduced almost to the vanishing-point, and large stout molars. 

The multituberculates certainly were a sterile side branch of the early 
mammals; they are not ancestral to any later order, although certain marsu¬ 
pials paralleled them in dental development. Their ancestry is unknown. 
Their dentition, we have noted, presents similarities to that of Tfitylodon 
and its allies, once thought on this account to be multituberculates; but the 
two types are dissimilar in all other known features. Monotreme relation¬ 
ships have been suggested; but the multituberculates are more advanced in 
the postcranial skeleton and show no skull resemblances. The dentition may 
have been derived from such a type as that seen in the still earlier tricono- 
donts, by a doubling-up of an anteroposterior row of molar cusps, but there 
is no positive evidence of phylogenetic connection. 
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The early evolution of mammals. —^Leaving aside the specialized mul- 
tituberculates, remains of Jurassic mammals, although fragmentary, give 
us some idea of the primitive and early ancestors of the mammals of later 
ages. They were generally small creatures, averaging about the size of rats 
and mice, and were perhaps somewhat like these forms in their general appear¬ 
ance. Their food must have consisted mainly of insects; they were potential 
carnivores, but their size limited them to small prey. Other materials, how¬ 
ever, such as birds, fruit, and eggs, may have made up part of their diet. The 
general degree of evolution of the known skeletal parts suggests that they 
were above the monotreme level of organization and that, therefore, they 
already nursed their young and presumably bore them alive, although at a 
relatively early stage in development. Their brains, as far as can be told, 
were still poor and small by modern mammalian standards, although much 
better than those of their reptilian ancestors. Presumably they were retiring 
in habits, possibly nocturnal, and to some extent arboreal. Inconspicuous 
and small they had to remain, for, as contemporaries of the dinosaurs, the 
threat of death from the great carnivorous reptiles lay constantly over them. 

But this long period of “trial and tribulation’’ was perhaps not altogether 
disadvantageous. It was, it would seem, a period of training during which 
mammalian characteristics were being perfected, wits sharpened, develop¬ 
mental processes improved, and the whole organization undergoing a gradual 
evolutionary change from reptilian to true mammalian character. As a re¬ 
sult, when (at the close of the Cretaceous) the great reptiles finally died out 
and the world was left bare for newer types of life, the mammals had evolved 
into a group prepared to take the leading place in the evolutionary drama. 

Marsupials. —^In the late Cretaceous beds we find that, although the 
multituberculates still flourished, the three typical Jurassic orders had dis¬ 
appeared. The triconodonts and symmetrodonts seem to have left no de¬ 
scendants; but, seemingly developed from the pantothere stock, we find rep¬ 
resentatives of the two great living groups of mammals—^the marsupials and 
the placentals. The representatives of both groups were still small insectivo¬ 
rous types and again are poorly known. The placentals, which were to domi¬ 
nate the scene in the Cenozoic, were rare. Much more abundant were small 
opossum-like forms—^the earlier marsupials, or pouched mammals. 

Today the marsupials constitute a well-defined group including the opos¬ 
sums and a few other New World mammals, together with a large array of 
types constituting the greater part of the fauna of the Australian region. Cer¬ 
tain of their distinctive features are suggested by the name. Almost all have 
a pouch placed on the belly of the female, which contains the teats and in 
which the young are carried after birth. This marsupium is rendered neces¬ 
sary because of the fact that birth takes place at a very small and immature 
stage, and this, in turn, is due to the fact that an efiScient placenta has been 
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evolved in but a few nfiembers of the group. Among the definite osteological 
characters that separate them from the monotremes is the fact that (as in 
higher types) the coracoids are reduced to a single nubbin of bone on the 
under side of the scapula, a spine is developed on the latter bone, and the 
interclavicle is lost. Among the more prominent key characters which sepa¬ 
rate all known forms from higher, placental mammals are the inflected (or in- 
turned) angular process of the jaw (Fig. 254, F), the usual presence of four 
molars and but three premolars, and the presence of a pair of marsupial 



Fio. 254.—Skulh of marsupials. A, The living opossum, Didelphis; B, jaw of Abderitea, a Miocene 
South American caenolestid (X|); C, Borkyaenay a South American Miocene carnivore, skull lengtli 
about 9 inches; Diprotodoriy a giant Australian Pleistocene diprotodont, skull length about 40 inches; 
E, ThylacoUOy a large Australian Pleistocene type with highly developed shearing teeth, skull length about 
1 foot; Fy opossum jaw {right) from the rear to show inflected angle (a). {B after Ameghino and Simpson; 
C after Sinclair; D after Owen; E after Owen and Anderson.) 

bones articulating with the front of the pubes as in the monotremes (Fig. 
223, E), 

In such a marsupial as the opossum, the brain is very small and the brain- 
case region of the skull (Fig. 254, A) is consequently small compared with 
that of the average placental; sagittal and transverse crests are, in conse¬ 
quence, usually prominent. There is never any development of a postorbital 
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bar behind the small orbits. There is never a well-formed auditory bulla of 
placental type, although the alisphenoid usually sends back a process to 
protect the middle ear. 

In the oldest-known marsupials there appear to have been as many as five 
upper incisors, as is still the case in the opossum; there are seldom more than 
the conventional three in the lower jaw. Large canines were undoubtedly 
present in the ancestral forms as they are today in many of the more primi¬ 
tive carnivorous types. In the cheek series there are never more than three 
premolars and usually four molars. The problem, however, is complicated by 
the fact that there is almost no tooth replacement, the last premolar being 
the only one with a predecessor; the more anterior teeth are seemingly per¬ 
manent milk teeth. 



Fiq. 255.— Left, upper right and lower left molar teeth of an Upper Cretaceous opossum. In the upper 
molars there is a well-developed row of outer cusps in addition to the normal trigon. (Much enlarged; 
after Osborn.) Center^ foot of a living diprotodont marsupial to show syndactylous structure. Rights the 
skull of Thylacosmilus, a Pliocene South American carnivorous marsupial comparable to the placental 
saber-tooths; about i natural sisse. (After Riggs.) 

In the more generalized forms (Fig. 255) the teeth are tribosphenic, with 
triangular upper molars and a trigonid and talonid below. In the upper molars 
there is developed a trigon similar to that of placentals but, in addition, an 
outer row of unnamed cusps which is presumably a primitive feature. In 
herbivores the teeth tend to square up with more or less development of a 
grinding surface. 

A clavicle is almost always present in marsupials. There is seldom any re¬ 
duction of toes in the front foot. In the hind foot the hallux appears to have 
been primitively opposable. There is often (especially in herbivorous types) 
a curious sort of syndactyly (Fig. 255) in which the fourth toe is strong and 
elongated and the second and third toes are united and balance the fifth toe, 
while the first digit may be lost. Claws are always present. It has been sug- 
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gested that the primitive marsupials were arboreal, and many of the struc¬ 
tural features tend to bear this out. 

The customary division of the order Marsupialia is into the suborders 
Polyprotodonta and Diprotodonta; and this type of classification may well 
be retained, although parallelism in evolution makes it difficult to give a 
clear-cut distinction. The first group, of which the oppossum is typical, is the 
more primitive, including insectivorous, omnivorous, and carnivorous forms. 
The diprotodonts are mainly living Australian herbivores. 

American polyprotodonts. —primitive feature of the polyprotodonts 
(as the name implies) is the retention of an unreduced and unspecialized 
set of incisors; there may be as many as five in the upper jaw. The molars 
are generally triangular in shape and usually sharp cusped; there is usually 
no syndactyly in the foot. There are several families, among which the Di- 
delphidae are the stem group. 

Opossums (Didelphis, etc. [Figs. 254, A; 255]) and their relatives, found 
today in both western continents, are in almost every respect ideal ancestors 
for the whole marsupial group. There are five upper incisors and four lower 
ones; the upper molars are triangular in shape and rather sharp cusped (the 
diet is omnivorous, with a tendency toward the carnivorous side). The tail 
is usually prehensile; the limbs are of normal construction without any reduc¬ 
tion of toes and with a well-developed, clawless, opposable hallux used for 
grasping in the opossum’s arboreal mode of locomotion. In the late Creta¬ 
ceous of North America are found forms very similar to the living opossums, 
and in the early Tertiary these forms are known from both Americas and from 
Europe as well; but since the Miocene they seem to have been confined to 
the Western Hemisphere. The opossums have lived continuously in South 
America since then; but in North America there are no fossils of this group 
in the late Tertiary, and we cannot be sure whether or not our living opossum 
is really an oldest inhabitant or whether he is a recent reimmigrant from the 
south. 

South America seems to have been separated from the other continents 
at the beginning of the Eocene. Marsupials were evidently present there at 
the time, and in addition some placental mammals. But no placental carni¬ 
vores appear to have gained admission, and thus there came about a good 
opportunity for the development of purely carnivorous marsupial types. 
These South American carnivores are separated as a distinct family, the 
Borhyaenidae. They were terrestrial forms, rather short-legged, with large 
skulls. The claws were strong and compressed; and the hallux, as in running 
types generally, was reduced. The teeth, as in true carnivores, tended to the 
shearing type. These carnivores ranged in size from that of the opossum to 
that of a bear and were especially abundant in the Miocene, where Frothy- 
lacirvus (Fig. 256) and Borhyaena (Fig. 254, C), a puma-like form, were typi- 
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cal. Following that period, however, there arrived higher ungulate types, 
displacing these beasts’ former prey, and placental carnivores, displacing 
these marsupials, which soon became extinct. A curious last survivor in the 
Pliocene was Thylacosmilus (Fig. 255), with large stabbing tusks like those 
of the saber-toothed tiger. 

Somewhat similar forms are found today in Australia. The presence of 
these carnivores in South America has been used by some as an argument for 
a direct connection between these continents. But it appears more probable 
that this is a case of parallel development from the late Cretaceous marsupial 
stock in two isolated regions. 

Australian polyprotodonts. —It is generally believed that Australia 
became separated from the rest of the world in late Cretaceous days, at so 
early a time in mammalian evolution that no placentals of any sort gained 



Fig. 256. — Prothylacinus, a Miocene carnivorous marsupial from South America, about 4 feet long. 
(From Sinclair.) 


admission; and, except for bats and some rodents, few or none have entered 
since except those brought in by man. We know almost nothing of the Ter¬ 
tiary fossil history of Australia, but it seems reasonable to assume that the 
earliest mammalian fauna was composed of primitive opossum-like marsu¬ 
pials, from which have descended the varied living marsupial groups which 
constitute the great bulk of the Pleistocene and Recent mammals of that 
continent. The most direct descendants of the primitive settlers appear to be 
carnivorous types which are called “native cats,” or (incorrectly) “opos¬ 
sums” (Dasyurm), and a number of mouselike, insect-eating forms. Some¬ 
what more advanced is the Tasmanian devil (Sarcophilus)^ a powerful carni¬ 
vore with shearing molars, while a most specialized type is the Tasmanian 
“wolf” {Thyladnua), a very wolf-like animal similar to some of the South 
American Miocene marsupials. There are some interesting side branches in¬ 
cluded in this group, such as a marsupial anteater—with typical ant-eating 
adaptations in the long snout, reduced teeth, and long claws—and a marsu¬ 
pial molelike type. There are, in addition, some Australian Pleistocene and 
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Recent forms which have diverged farther from the common polyprotodont 
stock—^the bandicoots, such as Perameles, These are insectivorous to omniv¬ 
orous in diet, rabbit-like in size and in appearance except for the long 
pointed snout. The molars tend to become grinding teeth and assume a square 
shape with blunter cusps. The hind legs are long, the feet slim with some 
tendency toward syndactyly and with an emphasis on the fourth toe, very 
much as in the kangaroos. 

Diprotodonts. —second prominent group of marsupials is that of the 
Diprotodonta, confined to Australia and almost entirely unknown before the 
Pleistocene, in which period most of the existing types were represented. De¬ 
spite our lack of knowledge of earlier fossils from Australia, it is obvious that 
they are a herbivorous development from the primitive opossum stock. How¬ 
ever, many structural changes have occurred. There are never more than 
three upper incisors, and often there is a development of chisel-like teeth 
similar to those of rodents. The molars are quadrate in shape. The hind foot 
is generally syndactylous. 

In the great majority of diprotodonts three upper incisors are still present. 
Seemingly closest to the common ancestors are the phalangers {Phalanger^ 
etc.)—arboreal types, the marsupial ‘‘squirrels,” including even flying “squir¬ 
rels.” Somewhat more advanced is Potorous [Hypdprymnodon]^ the musk 
“kangaroo,” in which, as in kangaroos, the last premolar is a long, straight- 
edged cutting tooth similar to that of the multituberculates; the limbs, how¬ 
ever, are primitive in structure. The true kangaroos (Jbfocropw^, etc.) have 
gone further in the development of long hind legs for hopping, with a reduc¬ 
tion of the lateral toes and emphasis on the fourth. 

Two interesting living forms are characterized by the fact that in the up¬ 
per jaw, as well as in the lower, there is a large pair of chisel-like teeth, the 
other upper incisors being small to absent. The living types include: Phas- 
colarctos, an arboreal form rather like a large Teddy bear in size and appear¬ 
ance; and Phascolomys, the wombat, rather like the woodchuck in habits. 
Both have large Pleistocene relatives, and in addition there are a number of 
large extinct Pleistocene marsupials from Australia with a diprotodont denti¬ 
tion. Diprotodon (Fig. 254, D) is the largest-known marsupial and was a form 
about the size of a large rhinoceros but with a lumbering build suggesting 
similarity to the living wombat. Thylacoleo (Fig. 254, E) was even more odd, 
a form the size of a lion with reduced molars and with the last premolars de¬ 
veloped into large shearing teeth. It has been argued that Thylcwoleo was a 
carnivore, but it seems more likely that it was really a diprotodont and that 
the shearing teeth were used in cutting fruit. 

Caenolestoids. —^The two suborders discussed above are the standard 
divisions of the marsupials and have been recognized for nearly a century. 
But certain living and fossil South American forms do not seem to fit in well 
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with either group; and for their reception the creation of a third suborder, the 
Caenolestoidea, is necessary. Caenolestes is a small, living, South American 
form, mouselike in size and appearance (and long thought to be a rodent). 
There are four upper incisors, and the feet are not syndactylous, so that it 
should be a polyprotodont. But although there are three or four lower in¬ 
cisors, the middle ones are elongate as in diprotodonts, the molars are quad¬ 
rate, and the last lower premolar in some related fossil genera is a cutting 
type like that of kangaroos. This group goes back in South America to the 
Eocene, Some of the earlier forms, such as Polydolops and Ahderites (Fig. 
254, B) went far in diprotodont specializations, for there was but a single up¬ 
per and lower incisor, as in the more advanced Australian forms. The upper 
molars were rather like those of multituberculates, and some writers have 
tended to group them together, but this is merely convergent evolution. Pre¬ 
sumably in the radiation of the marsupials in the late Cretaceous or Paleo- 
cene, primitive types which were still polyprotodonts migrated both to Aus¬ 
tralia and to South America. In the former continent some developed into the 
true diprotodonts. The caenolestoids with the same ancestry, and presum¬ 
ably the same evolutionary tendencies, paralleled them closely and also 
paralleled the earlier mammalian herbivores, the multituberculates. 

Marsupial history. —It is reasonable to think that the marsupials are 
derived from the pantotheres, although there is no evidence that those Juras¬ 
sic forms had certain of the peculiarities of the true marsupials. It has often 
been assumed that the marsupials are the ancestors of the placentals. That 
the ancestors of the placentals passed through a stage in which the young 
were born immature, as in marsupials, is theoretically probable; but that 
these ancestors were marsupials in the sense in which we know them (with a 
pouch, marsupial bones, and inflected jaw angle) is quite doubtful. Indeed, 
we now know primitive placentals fully as old as the earliest opossum-like 
forms. It is probable that placentals have descended directly and independ¬ 
ently from the pantotheres and that the marsupials are a parallel branch of 
the mammalian stock. 

But, while not on the direct line of descent, the more primitive marsupials 
(such as the opossums and some of the smaller dasyurids) in their mode of 
life, in their insectivorous-omnivorous diet, and in many structural features 
give us a good picture of the Mesozoic forms from which the Tertiary mam¬ 
mals have come. It is of interest to note that the opossums and primitive 
diprotodonts are primitively arboreal types, in agreement with the suggestion 
that the ancestral mammals were tree-living forms. 

It is probable that primitive marsupials had a world-wide distribution in 
the late Cretaceous. But early in the Tertiary they became almost entirely 
restricted to two regions—South America and Australia—^presumably be- 
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cause they were unable to compete successfully with more highly developed 
placentals. In South America late Tertiary placental invasions caused the 
extinction of many types, and only Caenolestes and the opossums have sur¬ 
vived. But in Australia the marsupials in the absence of competition radi¬ 
ated out into many different modes of life. A number of forms are still arbo¬ 
real, but the great majority have become ground dwellers of many sorts. 
From the primitive omnivorous-insectivorous diet the living marsupials 
have branched out into purely carnivorous and herbivorous modes of life. In 
Australia the marsupials, given their chance for development, have paral¬ 
leled almost every type which the placentals have produced on the other 
continents. 



CHAPTER 17 


PLACENTAL ORIGINS; INSECTIVORES; BATS 


E xcept for the primitive and aberrant monotreines and the marsu¬ 
pials just considered, all living mammals are members of a single 
I more advanced group which has been dominant since the beginning 
of Tertiary times—the Eutheria, commonly termed placental mammals. In 
these mammals we find a well-developed placenta formed from the allantois, 
one of the embryonic membranes; this permits of a long period of prenatal 
development and of birth at a more advanced stage than was possible in 
marsupials. The popular name is somewhat misleading, for some of the living 
marsupials have paralleled the true placentals to a considerable extent in the 
development of this structure; but there are many other points of difference 
between the two groups. There is no pouch in placentals, marsupial bones 
are absent, there is almost never the inflected angle of the jaw characteristic 
of marsupials, the brain becomes considerably advanced over that of the 


more primitive types, the dental formula was originally 


3. 1 . 4.3 

3.1.4.3 


and almost 


never exceeds that number, and there is typically one complete replacement 
of all the teeth except the molars. 

Primitive placental structure. —From what we know of living and 
fossil types it is possible to picture a typical primitive placental at the end of 
the age of reptiles. Such a type would have been small in size, as had been 
the ancestral trituberculates of the Jurassic, and the limbs short. The clawed 
feet would have been applied rather fully to the ground in a semiplantigrade 
position, and there presumably would have been a somewhat opposable pol- 
lex and hallux. Among technical diagnostic characters in the limbs would 
have been the presence of a clavicle, a central bone in the wrist, an entepicon- 
dylar foramen in the humerus, and a third trochanter on the back of the fe¬ 
mur—all characters lost in many later placentals. There would have been 
about twenty thoracic and lumbar vertebrae between neck and pelvis. 

The brain was presumably comparatively small and poorly organized— 
that is, with the olfactory lobes and olfactory bulbs large Aad unreduced and 
with the neopallium but little developed. The skull, however, would have 
been fairly large (in correlation with the smallness of the beast), with a long 
facial region and large eyes, and there would have been no development of a 
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postorbital bar. The dentition would have contained the primitive placental 
number of teeth and in general appearance would have resembled that of the 
older pantotheres. The lower molars would have been tribosphenic in char¬ 
acter, with trigonid and talonid; the upper molars, triangular, with an inter¬ 
nal protocone and, somewhat in from their outer edges, not the amphicone 
present in the older types but two cusps, the paracone and the metacone, de¬ 
rived from the division of the primary reptilian cone. 

Quite probably these forms were inconspicuous forest dwellers and noc¬ 
turnal to some degree at least. Certain characters in their descendants (such 
as the frequently divergent pollex and hallux) suggest an early arboreal hab- 



Fig. 257.—The chronologic distribution of the placental nuininmls 


itat, although in most placental types terrestrial life seems to have been 
taken up at an early date. The diet presumably still consisted essentially of 
insects but was varied with other types of soft plant and animal food, such 
as fruits, worms, and grubs. 

Such a form as that described above was a purely hypothetical creature 
two decades ago, for pre-Cenozoic placentals were unknown. Now, however, 
we possess a few skulls from the Upper Cretaceous of Mongolia which are 
definitely placental in nature. 

Small and seemingly rare as the earliest placentals were, they were none¬ 
theless the most efiSciently organized land dwellers of the times, better in 
brains and in mode of development than the marsupials and multitubercu- 
lates that were their mammalian contemporai*ies. With the disappearance of 
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the dinosaurs, their spread was rapid. At the beginning of the true Eocene 
the multituberculates made their last appearance, marsupials had become 
rare in the Northern Hemisphere, and the placentals had already become dif¬ 
ferentiated into the ancestors of almost all the known orders of later Tertiary 
and Recent times. 

Insectivores. —^As was the case with their Jurassic ancestors, the early 
placentals were presumably insectivorous in diet. There are still in existence 
today a number of mammals, such as the shrews, moles, and hedgehogs, 
which have retained similar feeding habits and which have, despite various 
specializations, many primitive characters. These forms, grouped with re¬ 
lated fossil types as the order Insectivora, are regarded as the most direct 
descendants of the primitive placentals. 

The insectivores are not and probably never have been an abundant 
group; today they are small in size and few in number. Most of them are 
highly specialized or are isolated island forms, as is usually the case with sur¬ 
viving members of primitive groups. 

Since they include the supposed stem of the later placental types, insec¬ 
tivores can be characterized for the most part only negatively as lacking the 
specializations of other derived forms. Many common features were noted 
above as characteristic of a generalized ancestral placental. The tympanic 
cavity is usually an open hole, partially surrounded by processes from neigh¬ 
bpring bones, with the tympanic bone an open ring. In many instances the zy¬ 
gomatic arch is incomplete. The teeth are almost always sharp-cusped, and 
in a majority of cases there is but little departure from primitive placental 
types of dentition. The incisors are somewhat variable in development, and 
the canines are often somewhat reduced. There is usually little modification 
or reduction in the limbs except in burrowers. 

It is obvious that several different types of animals may be, and are, 
placed in the order Insectivora. Three major categories may be distinguished: 
A, the primitive placentals and modern “relics” of this primitive stage; B, 
typical insectivores of more modern types; and C, several mammalian groups 
which have diverged from the primitive placental pattern but are still fairly 
close to the insectivore type and are not important enough to merit the erec¬ 
tion of separate orders for their reception. Group A we shall term the sub¬ 
order Zalambdodonta, including the superfamilies Deltatheridioidea (primi¬ 
tive), Centetoidea, and Chrysochloroidea (surviving primitive relics). The 
typical insectivores (Group B) are here termed the suborder Dilambdodonta, 
including the superfamilies Erinaceoidea, Soricoidea, Pantolestoidea, and 
Macroscelidoidea. In Group C we shall list as suborders the .extinct Mixo- 
dectoida and the living Dermoptera. 

Primitive insectivores. —Of the placental types known from the Creta¬ 
ceous of Mongolia, some are typical, although quite primitive, insectivores of 
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the hedgehog group. Another series of forms, however, includes several small 
mammals, such as Deltatheridium (Figs. 258; 259, A; 260, A), which 
appear to be not far removed from the base of the entire placental stock. 
The skull of Deltatheridium was of a very generalized type; and there were 
none of the specializations, such as the elongated snout, weak zygomatic 
arch, or peculiar incisor development, found in later insectivores. Particu¬ 
larly interesting was the development of the upper molars. The paracone 
and metacone were situated almost in the center of the tooth, and the two 
cusps were only barely separated at their tips. This is a condition seemingly 
intermediate between that found in the Jurassic pantotheres, in which the 
homologue of paracone and metacone appears to be the single, centrally 



Fio. 258.—Skulls of insectivores. Ay DeltcUherulhim, a primitive ( retaceous form from Mongolia, 
skull length about If inches; By Zalambdalestesy a Cretaceous erinaceoid, skull length about 2 inches; 
Cy Proscalopsy an Oligocene and Miocene soricoid, skull length about 1 inch; />, ApternoduSy an Oligocene 
zalambdodont, skull length about If inches. {Ay B after Gregory and Simpson; C after Matthew; D after 
Schlaikjer and Scott.) 


situated amphicone, and that found in typical placentals, in which paracone 
and metacone are widely separated and placed close to the outer margin. 
Somewhat similar molars are found in some of the carnivorous placentals 
and certain later insectivores discussed below. It may be that Deltatheridium 
was on the line leading to one or the other of these later groups, but it was 
certainly exceedingly close to our ideal of an ancestor for the entire placental 
stock. Forms closely related to Deltatheridium ai*e found, although rarely, in 
North American Paleocene and Eocene beds. 

Modern zalambdodonts. —^Highly specialized in many respects, but 
primitive or even regressive in their molar structure, is a series of curious liv¬ 
ing insectivores frequently termed the Zalambdodonta. They appear to be 
fairly direct descendants of the Cretaceous forms just considered, and we here 
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include them in the same suborder. The greater number of the living types 
are often grouped in the family Centetidae, found on the isolated island of 
Madagascar. The smaller members of the group tend to parallel the shrews, 
moles, and hedgehogs of other regions in their adaptations; the largest form, 
Centetes, the tenrec, is the giant among insectivores, its tailless body measur¬ 
ing about 20 inches in length. Closely related to the centetids is Potamogale, 
the otter shrew, a good-sized form from West Africa, which is a fish-eater 
with a strong tail for swimming. Another related form is Solenodon of Haiti 
and Cuba, a fairly large, long-snouted, rather ratlike insectivore. Chryso' 
chloris, the golden mole of South Africa, which superficially resembles the ordi¬ 
nary moles in its adaptations, is another archaic insectivore type. It differs, 



Fig. 259.—^Ilight upper clieek teeth of insectivores. .4, Deltatheridium (X2|); anti B, Zalambdalestes 
(XS), primitive Cretaceous forms; C, Palaeoryctes, a Paleocene zalambdodont (X3); Z), Diacodon, an 
Eocene erinaceoid (X|); E, Proacalops, an Oligocene and Miocene mole (X4 approx.); F, Elpidophorus, 
a Paleocene mixodectid (XSJ approx.); 0, Bessoccetor, a Paleocene pantolestid (X3). (y4, B after Gregory 
and Simpson; C-E after Matthew; F, 0 after Simpson.) 

however, very markedly in many anatomical features fj-om other recent 
zalambdodonts and merits a place in a separate superfamily at least. 

The abundance of living zalambdodonts in Madagascar as contrasted with 
their rarity elsewhere seems to be due to the isolation of that island from 
early Tertiary times on. (The lemurs, we shall see, offer a similar history.) 
There is little fossil material which can be assigned to the modern families. 
The centetids and golden moles are known from the Pleistocene; Potamogcde 
is unknown in fossil form. There are, however, several American Oligocene 
genera, such as Apternodm (Fig. 258), and PcUaeoryctes (Fig. 259, C) of the 
Paleocene, which appear to connect the living zalambdodonts with the prim¬ 
itive stock. 
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In the ‘‘modern'^ zalambdodonts the upper molars are triangular in shape. 
There is a low cone at the inner apex, accessory tubercles at the outer edge, 
and, nearly in the center, there is in most cases a high, V-shaped single cusp. 
This was originally thought to be the protocone; but it is now generally 
agreed that this represents the original single reptilian cusp, while the proto¬ 
cone is the lower internal structure. The tooth thus has a pattern rather re¬ 
sembling that of the pantotheres. This resemblance, however, is quite certain¬ 
ly not due to any direct descent from that Jurassic group. Some show the 
central cusp partially or completely divided and render it probable that these 
surviving families have passed through a stage represented by Deltatheridi- 
um and are regressive rather than truly primitive in structure. 

Typical insectivores; erinaceoids. —^Apart from their historical im¬ 
portance as placental ancestors, the Insectivora merit consideration in an¬ 
other role, if a more modest one—that of a specific, “modernized” placental 
group which, despite specialization, has successfully continued during the 
Cenozoic in the insectivorous mode of life of the Mesozoic ancestral mam- 

Fig. 260. —^Left lower cheek teeth of insectivores. A , Deltatheridium, a primitive Cretaceous form 
(X 2i); By Diacodoriy an Eocene erinaceoid (X |); C, ElpidophoruSy a Paleocene mixodectid (X Sjf approx.); 
Dy BeasoecetoTy a Paleocene pantolestid (XS). {A after Gregory and Simpson; B after Matthew; C, D 
after Simpson.) 

mals. The modernized insectivores are here considered to constitute a sub¬ 
order, the Dilambdodonta, within which several superfamilies may be dis¬ 
tinguished. In these modern groups the upper molars are not of the old- 
fashioned type described for the zalambdodonts; the paracone and the meta¬ 
cone are well separated. The eyes tend to be rather poorly developed, the 
zygomatic arch, if present, is feeble, and there is a long tubular snout region. 

The more primitive of two major groups of dilambdodonts is the super¬ 
family Erinaceoidea. The molar cusps are simple tubercles; the upper molars 
have the paracone and the metacone placed close to the lateral margin and, 
in living members, are squared up through the development of a hypocone. 
There may be some enlargement of incisor teeth, but the zygomatic arch, 
although slender, is always retained. 

Living members are confined to the Old World. Erinaceits, the hedgehog, 
is the best known; but more generalized ratlike types, such as Oymnura, are 
found in the Malay region. Members of the hedgehog family are found as far 
back as the Eocene in both Europe and North America. More primitive 
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fossil types are included in the family Leptictidae. Most of the included 
genera had essentially triangular upper molars; but in all true leptictids, such 
as Diacodon (Figs. 259, D; 260, B)> there is a weak beginning of a hypocone. 
The leptictids are characteristic of the Eocene and the Oligocene, but an ob¬ 
scure type from the Upper Cretaceous of North America may belong here. 
That the erinaceoids are an exceedingly ancient group is proved by the 
presence in the Cretaceous of Mongolia, together with the insectivores al¬ 
ready mentioned, of Zalambdalestes (Figs. 258, B; 259, 5), a small and very 
primitive form with tritubercular molars of the orthodox placental type and 
features which suggest that it is ancestral to the hedgehog group, if not also 
to other insectivores. 

Soricoids. —The living shrews and moles, the superfamily Soricoidea, 
are characterized by the paracones and metacones forming a W-shaped outer 
wall on the quadrate upper molars. This feature serves to distinguish them 
from other insectivores; but otherwise they are structurally not far from the 
hedgehogs and their fossil allies and presumably have been derived from 
primitive erinaceoids. The shrews (Sorex, etc.) are small, mouselike forms 
which in their habits and general appearance probably closely simulate the 
ancestral insectivores. They are, however, considerably specialized in inter¬ 
nal structure; for example, the zygomatic arch is incomplete, the middle in¬ 
cisors are elongated, and the lower canine and most of the premolars have 
disappeared. The moles in a broad sense include not only the true moles (such 
as Talpa) with powerful, highly specialized limbs for digging but also some 
more primitive forms with a more shrewlike appearance. The moles are in 
some respects more primitive than the shrews, for there are no enlarged in¬ 
cisors and the zygomatic arch is preserved. Members of both the shrew and 
the mole families are known as far back as the Eocene; Proscalops (Figs. 258, 
C; 259, JB) is a well-known American Miocene member of the latter group. 
In the Eocene and Paleocene there were several poorly known little insecti¬ 
vores, such as Nyctitherium, which belonged to the soricoid group and which 
may tend to link it to the still older erinaceoid stock. 

Other dilambdodonts. —Certain other forms which are fairly comparable 
to erinaceoids and soricoids but do not appear to fit readily into either super¬ 
family may be mentioned here. The elephant shrews {Macroscelides, etc.) 
of Africa, small, hopping types with an elongate proboscis, are almost un¬ 
known as fossils but are of considerable evolutionary interest. They have 
many typical insectivore characters but show many similarities to the tree 
shrews. These latter forms are classed in the present work with the primates, 
to which their fossil relatives show dose resemblances. In the lack of fossil 
evidence the position of the elephant shrews is questionable. 

Pantolestes is a Middle Eocene, North American animal about the size of 
an otter, apparently predaceous in habits and started on the road toward a 
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water-living type of existence. The braincase was elongate; the face was 
short and the jaw heavy, the dentition rather carnivorous in character. But 
the form does not fit into any group of the order Carnivora; the teeth suggest 
a derivation from primitive erinaceoids. Smaller and more primitive relatives 
from the Paleocene {Bessoecetor [Figs. 259, G; 260, D]) are in agreement with 
this suggested derivation, and hence the pantolestoids may be considered as 
constituting a superfamily of the dilambdodonts. 

Mixodeciids. —Other groups to be mentioned are more remote from 
either primitive or typical insectivore assemblages but may be included in 
the order as representatives of widely divergent lines which, however, hardly 
merit separate ordinal classification. In this category we may mention 
Mixodectes and its relatives of the Paleocene and Eocene of North America. 
These imperfectly known forms have been variously assigned to the rodents 
and to the primates. They have enlarged anterior teeth, analogous to those of 
rodents; but there are no other rodent features, and chisel-like incisors have. 



Fig. 261. — Left^ right upper cheek teeth of Zanycteris, a Paleocene insectivore with teeth resembling 
those of a specialized modern bat group. (X2|). RighUun upper molar of PUigiomene^ a Jx)wer Eocene 
relative of the “flying lemur” (X3 approx.). (After Matthew.) 


as we shall see, evolved independently a number of times among the placen- 
tals. The cheek teeth (Figs. 259, F; 260, C) are sharp cusped, whereas those 
of primates tend to a more bunodont nature. Probably the mixodectids rep¬ 
resent a short but sterile side branch of the early placental stock and, as 
such, are best considered as aberrant insectivores. 

A number of other genera, or groups of genera, of placental mammals, 
mainly from the Paleocene or Eocene, are similarly diflScult to place—^they 
do not fit well into the evolutionary scheme of other groups and hence may 
be left in the insectivores for want of any other place to put them. As an ex¬ 
ample, we may cite Zanycteris (Fig. 261) of the North American Paleocene, 
with small premolars but with greatly expanded molars covered with nu¬ 
merous small, indistinct cusps. These teeth are very similar to those of Re¬ 
cent leaf-eating bats of South America. But it is highly improbable that this 
particular bat type was in existence at such an early date; Zanycteris is 
probably merely analogous in dental structure and can best be disposed of by 
using the order Insectivora as a dumping ground for it and for other anoma¬ 
lous genera. 
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The “flying lemur." —^Living today in the East Indian islands is GoJeo- 
pithecus, the “flying lemur,*’ a herbivorous, tree-living form about the size 
of a large squirrel. The popular name cannot be called appropriate, for the 
animal is not a lemur nor does it fly. It is, however, the most highly devel¬ 
oped of any of the mammalian gliding forms. A very large membrane 
stretches from the neck to the hand and foot and onto the tail, enabling the 
animal to “plane” for a considerable distance. The upper molars are tri¬ 
angular in shape but peculiarly constructed, with three outer and two inner 
cusps, this arrangement reversed below, and a general tendency for multipli¬ 
cation of small cusps. Galeopithecus is not an ancestor of the bats but may 
represent morphologically a stage in the development of the bat type of fly¬ 
ing apparatus. The fingers are not greatly elongated (although webbed) and 
retain claws, but the hands are rather large as compared with the animal’s 
bulk. 

Through most of the Tertiary there is no record of this interesting type. 
But in the late Paleocene and the Lower Eocene of North America have been 
found several inadequately known forms, such as Plagiomene (Fig. 261), 
with molars of similar structiue. The “flying lemur” and its fossil relatives 
form the Dermoptera, often considered a separate order but here included 
in the Insectivora, since, except for the development of a flying membrane, 
the structural features are not incompatible with those of the present group. 

Bats. —Only in the bats—^the order Chiroptera—^has true flight been de¬ 
veloped by mammals. As in the pterosaurs (and in contrast with birds), the 
wings are formed by webs of skin; but, instead of their being supported by a 
single elongate finger, nearly the whole hand is involved. The thumb, a 
clutching organ, is free and clawed; the other four fingers are all utilized in 
support of the wing membrane; claws are lost on these fingers (except the 
second in fruit bats); and, as would be expected, the end-phalanges are re¬ 
duced and may be absent. In having the wing expanse broken by the long 
digits, the bat has evolved a more flexible and less easily damaged wing than 
that of the pterosaiu*. In connection with the bat’s habit of hanging by the 
hind legs, those structures, as well as the pelvis, are peculiarly developed 
but rather weak. 

The orbit is but rarely closed behind. All the teeth (Fig. 262, B, C) may 
be present except for an upper incisor and the first premolar, but the anterior 
teeth may be considerably and variously reduced. The greater number 
of the bats are insectivorous types, the lower molars being tribosphenic, 
while the upper molars are often of the old triangular shape or a squared 
type with a W-shaped ectoloph, a large protocone, and a smaller hypocone. 
But there is considerable variation in molar structure, for the diet in the vari¬ 
ous forms ranges from insects and ^'uit to fish and blood. 

The sense of hearing is always highly developed (the auditory region of the 
skull is greatly swollen), and in many cases grotesque fleshy outgrowths oe^ 
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cur about the ears and nose, housing delicate tactile sense organs—adapta¬ 
tions obviously connected with the usually nocturnal flying habits of the 
group. 

The bats are divided into two suborders. The Megachiroptera, the fruit- 
eating bats or “flying foxes,” are large Old World tropical forms. They are 
little specialized in most respects, never having the peculiar ear and nose 
ornaments already mentioned, and with a long, foxlike face. In connection 
with the fruit-eating habits, the teeth, especially the molars, are often spe¬ 
cialized. Except for a form from the Oligocene of Italy, we have no record of 
their history. 

Vastly larger in the number of contained types is the suborder Micro- 
chiroptera, comprising all other bats. Typically small insect-eaters, as were 
presumably the ancestral chiropterans, there is a considerable range of diet 



Fig. 262.—Bats. A, Skull of member of the existing genus Nyctinomus from the Miocene of Europe, 
skull length about f inches; J?, C, upper and lower teeth of the same, about 6 times natural size. (After 
llevilliod.) 


in the various families. The incisors tend to be specialized and reduced; 
in connection with this and with the frequent development of nasal excres¬ 
cences, the premaxilla is usually small or vestigial, the face is short, and there 
is a large nasal opening (Fig. S6S, A), 

It is possible that some of the known insectivorous genera of the Palcoccne 
were bats or at least types ancestral to them. But so close are some of the 
bats to the insectivores in dental characters that we cannot confirm or reject 
such suggestions in the absence of knowledge of limb and body structure. 
Flying adaptations must certainly have developed in the Paleocene, for 
Middle Eocene deposits in both Europe (Fig. S63) and North America have 
yielded skeletons of microchiropterans with well-developed wings. The Amer¬ 
ican form is more primitive than typical members of the suborder, for the 
claw on the second finger was still present. By the end of the Eocene and the 
b^^hming of the Oligocene the evdution of the varied modem families of 
bats was far advanced, for repres^tatives of a number of modern groups 
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were present in Europe. Fossil chiropterans are found here and there through¬ 
out the Tertiary and in the Pleistocene, but it is only rarely that much except 
teeth and jaws is found of these small and delicate forms. 

It seems obvious that the bats, essentially insectivorous in their begin¬ 
nings, have been derived from an arboreal insectivorous group, for in such 
features as are not connected with flight the bats might well be included in 
the order Insectivora, and certain anatomical considerations suggest rela¬ 
tionships with the primates, likewise to be considered as intimately related 
to the insectivores. 



Fio. 263. —Skeleton of a fos.sil Eocene bat, Palaeochiroptvrj/x. (From Revilliod.) 



Fig. 264.—Aberrant Eocene placentals. A, Tillotheriurriy a Middle Eocene tillodont, skull about 13 
inches long; PdUacotherium, a Lower Paleocene taeniodont, skull about 9§ inches in length. {A after 
Marsh; B after Wortman.) 


Taeniodonis. —^An obscure Tertiary group constituting the order Taenio- 
dontia may be considered here for want of a better connection. The order in¬ 
cludes but a few forms from the Paleocene and Eocene of North America; 
they comprise a short-lived archaic outgrowth of the primitive insectivore 
stock. Such an end-type as Stylinodon from the Middle Eocene was compara¬ 
tively large for its day, the skull reaching a foot or so in length. All the teeth 
had become high-crowned, rootless, simple pegs growing from a persistent 
pulp, and the enamel covering was limited to bands along the sides of the 



PLACENTAL ORIGINS; INSECTIVORES; BATS 


33S 


teeth. Only a single pair of rodent-like incisors (the lateral) was retained, 
but the canines were well developed. The skull was short, the jaws deep and 
powerful; a leaf-eating mode of life has been suggested for these forms. The 
limbs in later taeniodonts were short and stout, the toes reduced, and power¬ 
ful claws developed. Somewhat earlier forms, such as Psittacotherium (Fig. 
264) of the Torrejon and Calamodon of the Wasatch, were more primitive in 
that the teeth (except perhaps the canine) were still rooted and the molars 
enamel covered, while the Paleocene Conoryctes and Onychodectes (Fig. 265, 
B) were so close to the insectivore ancestors that it is difficult to decide in 
which group to place them. In the early taeniodonts the skull was still of 
primitive shape, long, and low with long and not particularly deep jaws; the 
teeth were not merely rooted and enamel covered but still retained much of 
the tribosphenic molar pattern of the early insectivores; and the limbs were 
slender and primitive in nature. Except for the loss of the central incisors, 
there was little in these forms to show that they were incipient taeniodonts. 

Obviously, the group constitutes an early “experiment” on the part of the 
insectivore stock in the creation of 

a herbivorous form with grinding B 

teeth. Taeniodonts, however, were 
seemingly never common and soon 

disappeared when placed in competi- 265.— A, Upper cheek teeth of Esthonyx^ a 

tion with the herbivorous ungulates, primitive tillodont (X| approx.); B, upper molars 
They have sometimes been confused Onychodxctes (xi) to show the tritubercular 
. Ml 1 . . . 1 origin of the teeth of taeniodonts. (.4 after Cope; 

With the tillodonts, next to be con- ^ ^ortman.) 
sidered. Some writers have suggested 

that they are related to the edentates, the so-called “toothless” mammals; 
they have some resemblances to the ground sloths, but, except for a par¬ 
tial loss of enamel from the teeth, these resemblances are of a superficial 
nature. 

Tillodonts. —Here, too, may be mentioned the order Tillodontia, an¬ 
other short-lived archaic offshoot from the base of the placental stem. An 
end-form, Tillotherium (Fig. 264), of the Middle Eocene of North America, 
was the size of a brown bear. The skull, carnivore-like in general proportions, 
was long and low, the snout slim, the braincase small. The second pair of 
incisors in both jaws was enlarged and rootless, much as in rodents; the ca¬ 
nines were tiny; and the low crowned molars suggest a herbivorous or omniv¬ 
orous diet. The beast had plantigrade-clawed, five-toed feet and presum¬ 
ably a rather bearlike gait. Lower Eocene forms were much more primitive; 
Esthonyx (Fig. 265, A) was less than half as big as the Middle Eoqene type, 
the incisors not so disproportionately large and still rooted. The tillodonts 
have sometimes been grouped with the rodents, but there is no reason for 
considering them related except for the large gnawing incisors, a feature 
which developed in many groups of mammals. 
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PRIMATES 

T he order Primates is of especial interest, since its members include 
not only lemurs, monkeys, and apes but man himself. Unfortunate¬ 
ly, however, fossil remains of this group are more rare than is the 
case in any other large group of mammals. The reasons for this paucity of 
material are fairly obvious. Primates are, for the most part, tree dwellers; 
deposits in which fossil vertebrates are to be found are not normally formed 
in forested regions. Again, primates are mostly dwellers in the tropics, where¬ 
as most of the known Tertiary fossil beds are in what are today zones of 
temperate climate. It is only in Eocene times, when these regions (as shown 
by the vegetation) knew tropical conditions, that primates are found to any 
extent in the fossiliferous deposits of Europe and North America. 

The primates are commonly divided into three major groups: (1) the sub¬ 
order Lemuroidea, including the tree shrews and lemurs, typically small, 
four-footed forms of rather squirrel-Uke appearance, found today in the Old 
World tropics but present in the Eocene in Eurasia and North America; (2) 
the suborder Tarsioidea, which includes Tardus, a curious, small, hopping, 
ratlike creature from the East Indies, and its fossil Paleocene and Eocene 
relatives, occupying a position structurally intermediate between lemurs and 
higher primates; (3) the suborder Anthropoidea, comprising the South 
American monkeys, the more advanced monkeys of the Old World, the great 
manlike apes, and man. 

Primates are essentially arboreal, only a few forms (such as the baboons 
and man) having returned to a life on the ground. There is considerable evi¬ 
dence suggesting that the primitive placentals were tree dwellers to begin 
with and that the primates have merely continued on in this ancestral track. 
Arboreal life is apparently responsible for much of the progressive develop¬ 
ment of primate characteristics; and, although man is not a tree dweller, 
this life of his ancestors has left its mark deeply upon him and is perhaps in 
great measure responsible for his attainment of his present estate. 

Arboreal adaptations: limbs. —^Locomotion in the trees has left the 
postcranial skeleton of the primates in a condition much closer to that of the 
primitive placentals than is the case in most groups. Flexibility is necessary 
for climbing trees, and there is none of the restriction of limb movement to 
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one plane found in ungulate groups and in many carnivores and rodents. 
Very rarely is there any reduction or fusion of bones in the lower segment of 
the limbs. The clavicle is retained, in contrast with running forms, its con¬ 
nection of shoulder with trunk relieving the strain on the muscles when the 
animal is suspended from a limb. 

In contrast with such arboreal types as the squirrels, in which climbing is 
accomplished by digging the claws into the bark, the primate hold is general¬ 
ly accomplished by grasping boughs or twigs. The claws characteristic of 
primitive mammals have been in most cases transformed into flat nails serv¬ 
ing as a protection to the finger tips; claws, however, still persist in various 
instances in lemuroids and even marmosets. 

In primitive placentals the pollex and hallux were presumably somewhat 
divergent. This grasping characteristic has usually been retained and em¬ 
phasized in primates (Fig. 248). In most cases it is the hallux which is the 
most highly developed and divergent and hence more opposable to the other 
digits. In contrast, the thumb is sometimes reduced, or even absent, in forms 
which habitually progress by swinging from branch to branch, the other four 
fingers here hooking over the bough and the thumb not only being useless 
but actually in the way. Otherwise, there has been but little reduction of 
digits; the primates are in this respect more conservative than most mam¬ 
malian groups. 

Quadrupedal locomotion is the rule among primates, bipedal tendencies 
becoming apparent for the most part only among the higher members of the 
order. The hands, however, while primarily possessing their grasping adapta¬ 
tion in relation to locomotion, are well adapted (almost alone among mam¬ 
mals) for grasping food and other objects; and even among the lemurs there 
is a tendency toward a sitting posture and the release of the front feet from 
supporting the body. 

The primitively long tail is retained in almost all the lower primates and is 
apparently of considerable use in balancing. In many South American mon¬ 
keys it has developed into a prehensile “fifth hand.” In a niunber of cases, 
however, the tail is reduced or absent, and there is no external tail in the 
manlike apes and in man. 

Teeth. —^An omnivorous diet appears to have been general in early pri¬ 
mates, and similar food habits characterize many living types (although 
there has been a strong herbivorous trend). The dentition (Figs. 266, 267), 
hence, is usually less specialized than in most mammalian groups. Tree 
shrews may retain all thr ee of the incisors present in primitive mammals; no 
more than two are present in other primates, and these may be variously 
modified and reduced in lemurs. The canines are usually unreduced, project¬ 
ing moderately above the other teeth, and are often larger in the males. 

While four premolars are present in a few primitive fossil forms, no living 



338 


VERTEBRATE PALEONTOLOGY 


primate possesses more than three; and the higher members of the order have 
but two. Related to this is a shortening of the tooth row evident in the group 
as a whole, although (as in the baboons) there may be a secondary lengthen¬ 
ing brought about by elongation of the molars. The premolars are never 
molarized and are typically bicuspid. 

The molars of the most primitive forms (Fig. 241, A) are often very simi¬ 
lar to those of the early placentals, showing clear traces of the primitive tri¬ 
angular pattern; but the originally sharp cusps have tended to soften down 
to a bunodont condition. A hypocone is usually added above. Below, as in 
many other groups, the paraconid disappears to give an essentially four- 
cusped tooth; but a hypoconulid on the back margin is persistent in many 
cases, and even in man this fifth cusp is often present. There is little tendency 
toward a hypsodont condition, since the food is mainly of the softer kinds, 
such as fruit and buds. 



Fig. 266. —Upper right dentitions of primates. A, Notharctus, an American Eocene lemur; hypocone 
split off from protocone (Xj approx.). 5, Pronycticebus, a European Eocene tarsioid; hypocone derived 
from cingulum (X| approx.). C, Dryopitkecus, a late Tertiary anthropoid (Xf approx.). D, Mousterian 
youth (Xi approx.). (Mostly after Gregory.) 

Sense organs. —^Arboreal life has had a profound effect upon the sense 
organs. A ground-dwelling mammal is in great measure dependent upon 
smell for his knowledge of things about him, and his olfactory organs are 
highly developed while sight is usually comparatively poor. The reverse is 
true in these arboreal types. For locomotion in the trees good eyesight is es¬ 
sential; and throughout the primate group there has been a progressive series 
of advances in the visual apparatus. Even in the lemurs the eyes are large, 
and there is a tendency to rotate them forward from their primitive lateral 
position. This results, in such forms as Tarsius, in a condition in which the 
two fields of vision are identical. With the overlapping of visual fields, there 
results in primates, as in other groups of mammals, a sorting-out of nerve 
fibers so that, instead of two mental pictures, one for each eye, there is a 
doubling-up of the impressions from the common field of sight, giving stereo¬ 
scopic vision with its effect of depth. In no other group of mammals is the 
overlap of fields so great; in all higher primates (as in ourselves) the stereo- 
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scopic effect is complete. In addition to this improvement, already initiated 
in TarsiuSy the Anthropoidea have created in each eye a special central area 
in which detail is much more clearly seen. 

With this increase in vision goes a corresponding decrease in the sense of 
smell. Even in the lemurs the olfactory sense is reduced, and in the manlike 
apes and man it is probably in the most rudimentary state to be found in any 
land-dwelling placental. 

Brain. —The brain, as well, has been profoundly influenced by arboreal 
life. Locomotion in the trees requires great agility and muscular co-ordina¬ 
tion, which in itself demands development of the brain centers; and it is of 
interest that much of the higher mental faculties is apparently developed in 
an area alongside the motor centers of the brain. Again, the development of 



Fig. 267. —Lower left dentitions of primates. A, NotharctuSy an Eocene lemur (Xg approx.); J?, 
Pronycticebus (X^ approx.); C, ParapithecuSy an 01i^)cene Old World monkey (X| approx.); Dy Propli- 
opitkecusy an ancestral Oligocene anthropoid (X§ approx.); E, DryojdthecuSy a late Tertiary anthropoid 
(X| approx.); E, Mousterian youth (X§ approx.). (Mainly after Gregory; C, D after Schlosser.) 

good eyesight rendered possible for primates a far wider acquisition of knowl¬ 
edge of their environment than is possible for forms which depend upon 
smell. Perhaps still more important in the development of primate mentality 
has been the development of a grasping hand. This is not only an advantage 
in feeding but undoubtedly has contributed materially to primate mental de¬ 
velopment through the knowledge gained by the examination of objects. 

A constantly increasing brain size has been a characteristic feature of pri¬ 
mate development. The cerebral hemispheres have grown in size and in all 
the higher Anthroi>oideajcompletely cover the cerebellum. Among the small¬ 
er monkeys are to be found the highest relative weights of brain to body in 
mammals. 

Skull. —These changes in dentition, sense organs, and brain have been 
associated with great changes in the primate skull. Tree shrews and many 
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lemurs have an elongate skull of primitive appearance, with a long facial re¬ 
gion and a long, low braincase. But with the reduction of the sense of smell 
and the concurrent abbreviation of the tooth row, the muzzle in most pri¬ 
mates has shortened considerably, the face sloping downward toward the 
mouth at a considerable angle. The orbits were rather large in even the most 
primitive of the lemurs, and even in the Eocene were almost invariably 
bounded posteriorly by a postorbital bar—a feature in which they were in 
advance of almost all known forms of that period. In the higher lemurs the 
orbits tend to turn forward, their median boundaries crowding close together 
above the nostrils—a position in which they are found in all higher primates. 
The originally superficial bar separating orbit and temporal opening be¬ 
comes in the higher forms a solid partition. In many forms the upper margin 
of the orbits is above the level of the braincase, projecting as a supraorbital 
ridge. 

The expanding brain naturally requires an enlarged braincase; and, except 
for some primitive types, the primate braincase tends to be high vaulted and 
rounded. Sagittal and occipital crests, present in the early lemurs, are rare 
in later and higher types, for with expansion of the braincase the temporal 
muscles, between which the crests form, fail to meet. These crests are to 
be found only in the larger forms and in the heavily muscled, herbivorous 
types. The occipital condyles are usually shifted in a varying degree from the 
back to the under side of the skull. In the trend toward erect posture in high¬ 
er primates the skull tends to assume a roughly globular shape and to be 
balanced on the upper end of the vertebral column. The two halves of the 
low^ jaw, primitively loosely connected, become fused in higher types. 

Tree shrews, —^It is generally agreed that the living tree shrews of the 
Orient are forms transitional between the primitive insectivore ancestors and 
more typical primates. They may be reasonably placed in either order, but 
we here follow current tendencies in ranging them as basal members of the 
primate stock. They are small, arboreal animals with a squirrel-like appear¬ 
ance; anatomically they show a mixture of primitive features with others 
suggestive of relationship to primates and, particularly, the lemurs. Claws, 
rather than nails, tip the toes; three incisors are present in the lower jaw of 
living tree shrews; the cheek teeth are quite primitive in character. On the 
other hand, the presence of a relatively large brain in which the olfactory re¬ 
gion is small, a postorbital bar, a middle-ear region built like that of lemurs, 
and considerable opposability of pollex and hallux all indicate that the tree 
shrews are allied to the ancestry of the more typical primates. Unfortunate¬ 
ly, there are few early fossils that can be assigned with confidence to the 
tree-shrew group. The only adequately known form which appears to be 
closely related is Anagah (Fig. 268 , D) of the Oligocene of Asia. This genus 
shows a minor but interesting advance in that nails had developed in the 
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hind foot, at least; on the other hand, Anagale is a step below the living tree 
shrews in that the postorbital bar is incomplete and there is a full comple¬ 
ment of incisors. 

Eocene lemurs. —^Apart from the transitional tree shrews, the living pri¬ 
mates below the monkey level comprise a varied series of lemurs (mainly 
from Madagascar) and Tardus of the East Indies. The lemurs are seemingly 
primitive forms; Tarsius, although specialized, is believed to represent a 
more progressive stage in primate evolution, transitional to the Anthro- 
poidea. 



Fig. 268.—^Skulls of early primates. Ay Notharctusy an Eocene lemur, length of skull about 8 inches; 
By Tetoniusy an Eocene tarsioid, length of skull about li inches; C, Sinclairellay an early Oligocene primate 
with enlarged incisors, length about inches; P, Anagaky an Oligocene relative of the tree shrews, 
length about inches. {Ay B after Gregory; C after Scott and Jepsen; D after Simpson.) 

Almost nothing is known of the antecedents of these living groups in the 
later Tertiary. In the Paleocene and the Eocene, however, there are, in both 
North America and Europe, numerous genera of small mammals which are 
obviously primitive primates ancestral to both modern stocks. The taxonom¬ 
ic assignment of many of these forms has, however, been a diflScult one. 
Most of the remains are very fragmentary and consist of teeth and partial 
jaws. Primate teeth are rather primitive in nature, and dental differences be¬ 
tween lemurs and tarsioids are not marked; it is, therefore, not surprising 
that many of these genera have been variously and variably assigned to the 
insectivores, lemurs, and tarsioids. 
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There was, apparently, a strong tendency among early primates for the 
development of long, chisel-like incisors analogous to those of rodents or of 
the multituberculates and diprotodont marsupials already discussed. As will 
be seen, such teeth occur in one of the living Madagascar lemurs, and some 
tendency of this sort was present in early types which are rather confidently 
believed to be true tarsioids. In the Paleocene and Eocene, such develop¬ 
ments were very common. CarpolesteSy ApatemySy and Plesiadapis (Fig. 269) 
are forms which have very highly developed incisors but differ so among 
themselves that each is regarded as representative of a separate family of 
aberrant early primates. The Carpolestes type, confined to the Paleocene of 
North America, has, in addition, developed large, shearing lower premolars, 
which strengthen the analogy with certain multituberculates and diproto- 
donts. The other two groups are present in Europe as well as in North Ameri¬ 
ca, and one apatemyid survived into the American Oligocene (Sinclairella 


Fig. 269. — Plesiadapis, a late Paleocene primate with enlarged incisors. The skull is imperfectly 
known. Skull about natural size, teeth X2 approx. (After Matthew and Simpson.) 

[Fig. 268]), As our remarks on dental similarities would suggest, the exact 
relationships of these families are obscure. Carpolestes and Apatemys are per¬ 
haps more closely related to the tarsioids; the plesiadapids have been thought 
to be aberrant lemurs or tree shrews. 

Despite doubts as to the position of many genera, there are a number of 
Eocene forms which are generally accepted as definitely lemuroid and an¬ 
cestral to the typical living lemurs. These constitute the family Adapidae, of 
which Noikarctus of North America and Adapis and Pronycticebus of Europe 
are among the better-known types (Figs. 248; 266, A, B; 267, A, B; 268, A). 
Noikarctus was a small mammal with a skull about 2 inches long which prob¬ 
ably resembled the ordinary lemurs of today in general appearance. It was 
already quite lemur-like in its proportions and many structural features. The 
dentition, however, was more primitive in a number of respects. Although 
some members of the family had but three premolars, Noikarctus still re¬ 
tained the full complement of four. Further, the upper incisors were com¬ 
paratively normal; the canines were of primitive type; and the lower incisors 
little, if at all, procumbent. In Noikarctus a hypocone had already developed 
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in the upper molars, but some Eocene relatives had only slight traces of this 
structure. In the European forms a hypocone was developed as well; but a 
curious feature is that, while the two forms were closely related and had both 
acquired this same new cusp, Adapis and Pronycticebus had obtained it by 
an upgrowth of the cingulum, Notharctus by a budding-off from the pro¬ 
tocone. 

^JIAad^gascar lemurs. —^By the close of the Eocene the lemurs had disap¬ 
peared from the fossil record in the North Temperate Zone, and we know 
nothing of their further history until Pleistocene and Recent times. Here we 
find them present in Old World tropical regions, where conditions today are 
probably not dissimilar from those prevailing farther north in the Eocene. 
The main center of the group is the island of Madagascar. This region pre¬ 
sumably was cut off from the mainland during most of the Tertiary; and 
there are but few carnivores—a fact which may have been responsible for the 
survival of these primitive primates (as well as of many insectivores). 

The Madagascar lemurs may all be included in the family Lemuridae, us¬ 
ing this term in a broad sense. They are of interest in giving us as near an ap¬ 
proach as we can obtain today to the general appearance, habits, and struc¬ 
tures of our Eocene primate ancestors. A typical Madagascar lemur of today 
is a fairly small arboreal animal, nocturnal in habits, with a bushy hairy 
covering which contrasts with the rather sparse coat of most higher pri¬ 
mates. The limbs are moderately long, the ears pointed, and the eyes are di¬ 
rected more laterally than forward. The lemur tail, usually long, is never a 
grasping organ. Pollex and hallux are always widely separable from the other 
fingers; the big toe is especially well developed and has a flat nail in all forms, 
whereas the other digits are variable in their covering. Typical lemurs have 
a clawlike nail on the second toe but normal nails on the other digits. 

In living lemurs the upper incisors are often small or absent, while the low¬ 
er ones, together with an incisor-like canine, slant forward as a fur-combing 
organ. The upper molars vary from the triangular to the quadrangular 
pattern. 

The lemm* face may undergo some shortening, but it is in most cases a 
comparatively long and foxlike muzzle. The braincase is long and low in the 
more primitive living types but somewhat expanded in the more advanced 
lemurs. 

There are numerous divergences from this general type among the living 
Madagascar lemurs. There is, for example, a small, hopping form; and Indris 
and a few other lemurs are rather large and somewhat monkey-like in super¬ 
ficial features. Still other variants have been discovered in Pleistocene bog 
deposits on the island. Megaladapis was the largest-known lemur, attaining 
the size of a pig, with a skull a foot long, peculiarly long and decurved nasal 
bones, and small eyes; it seems to have resembled the Eocene lemurs closely 
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in many features. A second extinct group was represented by Arckaeolemur, 
also large for a lemur (a 5-inch skull) but with large eyes turned remarkably 
far forward and a large brain, there being no sagittal crest. The face was con¬ 
siderably shortened. This extinct form paralleled in a number of respects the 
higher primates and is one of several abortive “eflForts” of the lemur group 
to reach a monkey status. 

A final member of the Madagascar primate fauna is the aye-aye, Chiromys. 
It is a nocturnal form about the size of a small cat, with a short, high skull of 
the shape found in the higher lemurs and monkeys. All the digits except the 
big toe have clawlike structures rather than nails; the middle finger is very 
long and slim and is said to be used to extract grubs from their holes in the 
wood. The single remaining pair of incisors is enlarged in rodent fashion and 
is used in gnawing through bark in search of insect food. The aye-aye has 
been thought to have descended from the plesiadapids but more probably 
has resulted from a parallel evolution among the Madagascar lemur group. 

Higher lemurs. —^All the living non-Madagascar lemurs are included in 
a higher group, the family Lorisidae. The lorises of the Indian region are 
typical; in Africa the group is represented by the “bush baby,’* Galago^ and 
the potto. The muzzle is rather short, the braincase high, the eyes turned 
somewhat forward, and the premolars reduced to two; the lower front teeth, 
however, have the typical arrangement of the Madagascar lemurs. The index 
finger is reduced, giving a better grasp between the thumb and the remaining 
fingers. The advanced skull structures of these lemurs are of the sort re¬ 
quired to turn a lemur-like primitive primate into a more advanced type; 
but it is generally held that this is a development parallel to, and not on, the 
main evolutionary line. It is sometimes thought that the lorises, because of 
technical differences in construction of the ear bulla, are only remotely re¬ 
lated to the more typical lemurs; but this belief lacks paleontological sup¬ 
port and neglects embryological considerations. 

, Taraius. —k small but very interesting primate group is that which in¬ 
cludes a single living animal, Tarsius^ in addition to numerous Paleocene and 
Eocene fossil genera. These forms have often been classed as lemurs but are 
quite advanced in structure and may be appropriately placed in a separate 
suborder, the Tarsioidea, intermediate between the true lemurs and the 
Anthropoidea. 

Tarsius is a small, nocturnal, tree-living form from the East Indies. The 
tail is very long, and the hind legs are adapted for a hopping gait. The brain- 
case is large and rounded, and the foramen magnum is pushed somewhat 
forward onto the under side of the skull in contrast to the usual lemur condi¬ 
tion, The visual apparatus is much more advanced than that of the lemurs. 
The eyes are exceptionally large and are turned completely forward from the 
primitive lateral position, with the orbits very dose together above the nose. 
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In ordinary lemurs there is only a superficial bar separating orbit and tem¬ 
poral fossa; but in Tarsias the alisphenoid extends outward below the frontal 
and jugal and closes off the greater part of the opening between the two re¬ 
gions, much as in the Anthropoidea. 

While vision has thus advanced, the sense of smell has been proportion¬ 
ately reduced. The foxlike snout of the typical lemur has disappeared, and 
the nose is reduced to a small nubbin tucked in beneath and between the 
eyes. There is little projection of the muzzle (the tooth row is rather short); 
and we have here the beginning of the type of face found in monkeys, apes, 
and man. There are some specializations of the front teeth, but the cheek 
teeth are of primitive pattern with fairly typical tribosphenic molars. 

Specializations have developed in connection with the hopping gait. Alone 
among primates we find in Tarsias a partial fusion of tibia and fibula. A 
third segment is introduced into the limb by means of an elongation not of 
the metatarsals but of the calcaneum and navicular (a similar development 
has occurred in a Madagascar lemur and in Oalago). This seemingly odd 
fashion of developing a third joint is readily understandable when we con¬ 
sider the situation. The ordinary animal which introduces an extra segment 
for hopping or, indeed, fast locomotion of any sort (as the kangaroo, jump¬ 
ing mice, or any typical ungulate) has no grasping ability and is usually a 
ground-living type. The primate, however, is in great measure dependent 
for security in the trees on the powers of opposability of the great toe. If the 
metatarsals were to elongate, his grasp would be lost; elongation must take 
place proximal to the origin of the big toe, and the proximal tarsal bones give 
the only possibility for this development. 

Apart from this peculiar limb specialization. Tarsias is close to the higher 
primates in most features. An additional suggestion that this form is a relic 
of a primitive group transitional to the Anthropoidea lies in the structure of 
the placenta. In the lemurs this structure was of a type probably present in 
primitive placentals. But in Tarsias the placental connections between 
mother and young are concentrated into a pancake-shaped structme which 
is shed at birth as in the higher primates. 

Eocene tarsioide.—^Prior to Recent times there is a gap in the history of 
the group extending to the early Tertiary. But in Paleocene and Eocene 
deposits we find in Europe and North America numerous remains of small 
forms unquestionably related to Tarsias, as well as others of rather more 
doubtful position. Many of them are known merely by the dentition. This 
was often, as in Tarsias, close to the primitive placental type in molar con- 
struction> the hypocone appearing only rarely. In some genera the first lower 
premdar was still present as a small tooth; but normally there were, as in 
Tarsias, but three premolars, and in one case there were but two. The an¬ 
terior teeth, however, were quite variable in structure. In such forms as the 
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best-known genera, Tetonius (Fig. 268, B) of the American Lower Eocene 
and Necrolemur of the Upper Eocene of Europe, the incisors show some of 
the enlargement noted in various other lines of early primates. 

In Tetonius the general structure of the skull is quite similar to that of the 
living Tarsius, with a very short face and huge, forwardly turned orbits with 
a developing partition behind them. Some of the others, like Necrolemur, ap¬ 
pear to have been rather more lemur-like, with a somewhat less reduced 
snout. 

These early tarsioids are customarily included in the family Anaptomor- 
phidae, within which, however, there certainly existed a diversity of types, 
and some of the earliest Paleocene genera may have been close to the an¬ 
cestry of the lemurs as well as tarsioids. Eocene tarsioids had specialized in 
a number of directions. In one or two forms skeletal material shows that the 
peculiar modifications of the hind legs found in the living Tarsius were al¬ 
ready present. Still others may be ancestral to the higher anthropoid pri¬ 
mates which had developed by the beginning of the Oligocene. 

Anthropoids. —^All the remaining primates—monkeys, apes, and man— 
may be placed in the suborder Anthropoidea, the manlike primates. In all 
of them we have a very distinct advance upon the types already discussed. 
The eyes are large and face forward, as in Tarsius, and the orbits are com¬ 
pletely separated from the temporal fossa. The sense of smell is unimportant, 
and the snout is greatly reduced. 

The monkey normally is a four-footed walker, but there is a great tend¬ 
ency for an upright sitting posture and the freeing of the hands for the ma¬ 
nipulation of food and other objects. The tail is variable; in some South 
American types it is prehensile, but in the higher forms it is frequently re¬ 
duced. 

There are never more than three bicuspid premolar teeth, and the higher 
Old World forms have but two. The last molar tends toward reduction and 
is actually lost in one monkey family. The upper molars are still tritubercular 
in a few of the more primitive forms, but generally the typical quadrate pat¬ 
tern is developed in both jaws. 

The brain is comparatively large in all the members of the group. The 
braincase is typically much expanded, and crests are only exceptionally de¬ 
veloped. The foramen magnum tends to be under, rather than at the back of, 
the skull, with the face turned forward almost at right angles to the back¬ 
bone. The two halves of the jaw are fused. 

The suborder may be divided into two groups, isolated geographically 
both at the present day and in the past, as far as our knowledge goes. The 
more primitive infraorder, the Platyrrhini, are the monkeys of South Ameri¬ 
ca; the Catarrhini include the more advanced monkeys, apes, and man, all 
of which have their home in the Old World. 
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South American monkeys. —The Platyrrhini comprise two families of 
monkeys now living and found as fossils only in South and Central America. 
Superficially, many are quite similar in appearance to Old World monkeys 
but seem to be more primitive in a number of respects. They are, on the aver¬ 
age, much smaller than their Old World relatives. Almost never is there any 
reduction of the primitively long tail. The thumb is but little opposable to 
the other fingers. Three premolars are still present in all cases, whereas the 
oldest fossil representatives of the Old World apes had already lost the sec¬ 
ond premolar. The group name (‘‘fllat nose’’) refers to the fact that the nos¬ 
trils are usually far apart and face outward. 

Marmosets. —Of the two families, the smallest both in number of forms 
and in the size of the individuals is that of the marmosets, the ITapalidae. 
Hapalcy the common marmoset, is a small creature, squirrel-like in size and 
general appearance, with thick fur and a bushy tail. Squirrel-like, too, is the 
fact that the toes (except the hallux) have the nails compressed and clawlike, 
so that the progression is mainly by digging the claws into the bark; the hal¬ 
lux has lost much of its opposability. A peculiar feature is the fact that the 
last molar has been lost, the only case of its complete reduction among pri¬ 
mates (although man is approaching this condition). The incisors, and the 
lower canine with them, are rather procumbent and lemur-like. A Miocene 
marmoset has been recently reported, but otherwise the early history of the 
family is unknown. Some have believed that these creatures are the most 
primitive of anthropoids, but such features as the molar loss suggest that 
theya^specialized rather than primitive. 

.--""tlebids. —^A more important and larger group is that of the Cebidae, the 
typical South American monkeys. Here the size is somewhat larger, the hmry ^ 
cov-ering-^somewhat thinner (a tendency carried much further in Old World 
types), and the teeth are little specialized and with the full anthropoid com¬ 
plement of three premolars and three molars. In some cebids, alone among 
primates, a prehensile tail has developed. 

Most primitive of living cebids is the group represented by Aotus [Nycti- 
pithecus], the owl monkey or dourocouli, a small form with a presumably 
primitive thick woolly covering and a small brain. It is a nocturnal form, 
while most monkeys are active in the daytime. (Parenthetically, this raises 
the question as to whether the primitive primates were nocturnal, for 
this is the case in Tarsius and almost all of the lemurs.) The owl monkey is 
quite similar to the marmosets and may be close to the base of the platyr- 
rhines. This belief is strengthened by the fact that the only cebid of any 
antiquity, Homunculus of the Miocene, belongs to this group. 

The owl monkeys and several other fairly primitive forms lack a prehensile 
tail. This ‘‘fifth limb” is developed in the remaining cebids. Of these, the 
commonest group is that best known through the capuchin monkey, Cebus, 
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usually to be found accompanying the organ-grinder. Closely related are the 
spider monkeys, Ateles, Here the limbs are very long and slender, the thumb 
reduced or absent, the nails rather dawlike. These monkeys are clever acro¬ 
bats, swinging from the branches by any of their five useful appendages. 

A final group is that of the howling monkeys, Alouatta. These are the larg¬ 
est of the New World forms, some as large as a good-sized dog, and are leaf- 
eaters with heavy molar teeth. The larynx is expanded into a huge ossified 
shell, with a resonating chamber within, by means of which night is made 
mournful in the South American forests. 

Little is known, unfortunately, of the fossil history of the South American 
monkeys beyond the fact that both families were present in the Miocene. 
South America, as we have noted, seems to have been an isolated area from 
early Eocene times. Perhaps the ancestral platyrrhines entered South Ameri¬ 
ca at the dawn of the Tertiary; forest-dwelling forms of this sort might well 
have been present, and even abundant, in the Eocene and Oligocene and yet 
have failed to be preserved in the plains deposits of Patagonia. On the other 
hand, it is possible that, like the hystricomorph rodents, they managed to 
gain access to the continent at a later date. Unless some such late entry were 
ipade “overseas” from Africa, the platyrrhines must have evolved inde¬ 
pendently of catarrhines from a tarsioid stock, for no members of the An- 
thropoidea developed in North America, the only area with which South 
America was early connected. 

^/Catarrhines. —^I'he catarrhines of the Old World form a well-defined 
group, including the living monkeys of Asia and Africa, the anthropoid apes 
and man, and their fossil representative^ The name indicates one of the 
many features in which they are more a3vanced than the South American 
monkeys ;^he nostrils are closer together and open forward and downward^ 
with a smaller bony opening There is a rather general tendency toward an 
increase in size which culminates in the chimpanzee, man, and the gorilla. 
Although originally arboreal, some of the higher or more specialized types, 
such as man and the ^aboons, tend toward a terrestrial life. The ta il is often 
shortejaed orji,^ent./Primitively four-footed, some have tended to an arm¬ 
swinging typie of locomotion in which the body is held erec^ man has at¬ 
tained an erect posture. Although progression on the grounds usually on all 
fours, the long arms bring the back into a slanting position, while sitting is 
the common catarrhine pose when not in motion. The thumb is usually well 
developed and opposable, and the big toe universally so except where sec¬ 
ondarily reduced in man. The hairy covering is always thin and the face 
naked. 

^Ixe brain is large; but since the forms are, on the average, larger, the ratio 
of brain size to body is reduced, and sagittal and occipital crests are more 
common than in South American monkeys. The face, primitively short, 
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tends to elongate in many instances in correlation with a tendency toward 
a vegetable diet and a consequent increase in tooth size. The second pre¬ 


molar is always absent^, the tooth formula being invariably 


2 . 1 - 2 . 3 * 


The 


molars are quadrangular and essentially four-cusped. 

Oftf World monkeys.— The most primitive known member of the group 
was Parapithecus (Figs. 267, C; 270, 5), from the Lower Oligocene of Egypt. 
Although it is known only from one jaw, there is yet enough information to 
be derived from this to telTus Th*aF we are dealing with a small, primitive 



Fig. 270.— A, The skull of Mesopiihecus, a Pliocene Old World langur, length of original about S 
inches; B, the jaw of Parapithecus^ oldest-known Old World monkey from the Lower Oligocene of Egypt, 
original about 11 inches long; C, the jaw of PropliopiihecuSy oldest anthropoid ape, from the same de¬ 
posits, original about 2| inches long; £>, restored skull of Ausiralopithecust a young individual of an 
extinct anthropoid-ape type from South Africa. {A after Gaudry; F, C after Schlosser; D after Dart and 
Broom.) 


catarrhine which may have been close to the ancestry of the later Old World 
monkeys and apes. The canine was small, and the first of the premolars was 
still simple, in contrast with its usual bicuspid condition in catarrhines. There 
were four main cusps on the molars, but these were not connected by cross¬ 
crests, as in the living monkeys; and a fifth cusp, the hypoconulid, was pres¬ 
ent on all three molars, whereas it appears only on the last in the existing 
Old World monkeys. The two halves of the jaw met at a sharp angle, a primi- 
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live feature contrasting with the more rounded contour of the “chin” in all 
living Old World forms. The jaw proportions suggest that the skull, if found, 
would reveal the presence of large eyes and a large brain. As far as our knowl¬ 
edge goes, this small monkey may well have been the common ancestor of all 
the later catarrhines. In appearance it might have been similar to the more 
generalized African monkeys of the present day. 

The living members of the Old World monkeys constituting the family 
Cercopithecidae include a large number of forms with a wide range of struc¬ 
ture. They are, in terrestrial locomotion, four-footed forms, walking flat on 
palm and sole. The more primitive forms are arboreal, but the baboons and 
their relatives show a progressive tendency toward a ground-dwelling life. 
Toughened skin areas—the ischial callosities—are present on the buttocks. 
As noted above, the molars are four-cusped, the hypoconulid being present 
only on the last lower molar; and, characteristically, two cross-crests are 
developed. 

Two great groups may be distinguished, the larger being that of the sub¬ 
family Cercopithecinae. This includes many primitive African and Asiatic 
arboreal monkeys and a series of forms leading structurally to the baboons. 
The primitive types are short faced, but the baboons have a long muzzle as¬ 
sociated with the vegetable diet and the correlated long tooth row. There are 
well-developed cheek pouches for the stowing-away of food, while the stom¬ 
ach (in contrast to the other subfamily) is simple. 

The genus Cercopithecus includes most of the African monkeys commonly 
found in zoological gardens (as the green monkey, vervet monkey, and Diana 
monkey). Typical arboreal forms with a short face, they probably stand 
near the base of the monkey stock. The macaques (Macdcus) are monkeys 
of fairly large size and mostly Asiatic in distribution but with a representa¬ 
tive—^the Barbary “ape” in northern Africa and Gibraltar; there are fossil 
forms from the Pliocene of Eurasia. The tooth row is considerably elongated, 
and the snout consequently projecting. These forms are only partially ar¬ 
boreal, some species living in great measure on the ground. From this, sever¬ 
al intermediate types lead to the baboons (Papio). These forms have become 
completely terrestrial, with a four-footed plantigrade gait. The tooth row of 
these exclusively herbivorous types is much elongated, and a doglike muzzle 
is developed. The tail is short and in some of the related types may be prac¬ 
tically absent. Baboons are found in the Pleistocene of northern Africa and 
Asia, 

• The second subfamily of the modern Old World monkeys is the Semno- 
pithecinae, a comparatively small group including Semnopithe<mSj the lan¬ 
gurs, and their relatives (mostly Asiatic, with one African genus). There is 
never any facial elongation, the body is slim, the hind legs especially long, 
the tail usually well developed. Instead of cheek pouches, there is a compli- 
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cated stomach for food storage. Cross-crests on the molars are highly de¬ 
veloped. All the members of the group are good arboreal types. Remains of 
ancestral forms are widespread in the Pliocene of the Old World; Mesopithe- 
cus (Figs. 270, A; 271) is known from the complete skeleton. 

Manlike apes. —The Old World monkeys just considered constitute two 
specialized lines, neither of which can be considered as ancestral to the an¬ 
thropoid apes or man. To follow the history of these higher types we must 
return again to the Lower Oligocene beds of Egypt, in which was found Pro- 
pliopithecus (Figs. 267, D; 270, C), the oldest definitely identifiable member 
of this group of highly developed primates. Here again we have only a jaw 



Fig. 271. — }fcMOjritfiecus, a Pliocene relative of the living langurs. About I natural size. (From 
Gaudry.) 


to deal with, but, again, one that is quite characteristic. It is not more than 
an inch and a half in length, indicating a form much smaller than any living 
manlike ape. The lower molars are definitely five-cusped, in agreement with 
the great apes and in contrast with the living monkeys, and the jaw has the 
relatively great depth of the higher forms. 

The family Simiidae, of which this is the earliest representative, includes 
four living types: the gibbon, the orangutan, the chimpanzee, and the gorilla. 
They are of large size, ranging from the comparatively small gibbon to goril¬ 
las several times as heavy as a man. In the quadrangular molars a fifth cusp 
(hypoconulid) is well developed below, while in the upper teeth the hypo- 
cone is comparatively small, the old trigon still being apparent. The molars 
tend to be rather long, and there is some lengthening of the face. The skele- 
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ton is rather close to the human type. The chest is broad in contrast to that 
of the monkeys; the ilia tend to broaden, as in man. The hands are rather 
similar to those of man, but the fingers are very long as compared with the 
thumb, and the arms much lengthened. The legs, on the contrary, are short; 
and the hallux, as well as the remaining toes, is much better developed and 
more finger-like than in man. These skeletal characteristics have seemingly 
developed in relation to the anthropoid-ape type of locomotion. With in¬ 
creasing size, normal four-footed progression in the trees has become in¬ 
creasingly impossible; and the members of the group normally progress by 
swinging from bough to bough with the body suspended from the hands. The 
feet are used more than ever as grasping organs and have so much lost their 
primitive mammalian character that most great apes cannot walk flat on 
their soles but must support their weight on the outer side of the foot. 

It will be noted that in swinging by the arms the body is necessarily erect. 
Further, the front legs of all forms being much longer than the hind legs, the 
body is necessarily tilted up considerably in front in quadrupedal progres¬ 
sion. Bipedal locomotion has thus begun among the arboreal types. 

The brain is large, especially in the gorilla. But in these large forms its 
growth, as might be expected, has hardly kept up with the increasing body 
weight. Since the braincase is comparatively small, sagittal and occipital 
crests may develop, and the upper margins of the orbits project in most 
forms as supraorbital ridges above the front edge of the braincase. There is, 
as in most mammals, no projecting chin, the jaw sloping away under the 
symphysis. 

Gibbons. —Smallest and most primitive of the living anthropoids are the 
gibbons {Hylohates) of the Malay region. The average gibbon stands about 
3 feet high in the erect position. Alone among the living anthropoids, he 
customarily walks erect with the arms used as balancers. The gibbon, how¬ 
ever, is almost entirely a tree dweller and with his long arms, which can 
reach the ground in erect position, is a very clever acrobat. The bulk of the 
gibbon brain averages about 90 cubic centimeters. This seems a small figure 
compared with that of man but is far above the average for a mammal of 
that size. The braincase of the gibbon is practically smooth, and the supra¬ 
orbital ridges small. Vestigial ischial callosities are still present. 

Pliopithecus, of the late Miocene and Pliocene of the Old World, was very 
similar to the living gibbon in almost all known respects; and from this, in 
turn, it is a short step back to PropliopUhecuSy from which it is generally 
agreed that the gibbon is derived. 

Orangutan. —The orangutan, Simia (or Pongo)y the ‘‘man of the woods” 
of Sumatra and Borneo, stands next above the gibbon in the scale of living 
primates. Considerably larger in size (adult males reaching nearly 5 feet), 
the orang is still a true arboreal type and is but a clumsy four-footed per 
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former on the ground; the arms are somewhat shorter, reaching only to the 
ankles. The brain here is vastly larger than that of the gibbon, reaching 550 
cubic centimeters in capacity. The braincase is expanded, crests rarely de¬ 
velop, and the supraorbital ridges are negligible. The tooth row, however, is 
long and the snout projecting, with a characteristic concave lateral profile to 
the face. Orang-like teeth are known from the Pliocene of India. 

Higher anthropoid apes. —The highest living members of the anthro¬ 
poid group are the chimpanzee {Anthropopithecus or Pan) and the Gorilla, 
both inhabitants of tropical Africa. It is generally agreed that these two 
forms are closely related. Both are less pronounced in their arboreal adapta¬ 
tions than the lower apes and monkeys; the gorillas spend much of their time 
on the ground, although walking as quadrupeds rather than as bipeds. Both 
are large, the chimpanzee exceeding 5 feet in height and old male gorillas 
more than 6 feet, with a weight of 600 pounds. The arms are short as com¬ 
pared with those of the lower anthropoids. Those of the chimpanzee reach 
a bit below the knee and those of the gorilla not quite so far. The brain is 
large in both, that of the gorilla having in some cases a capacity of 500-600 
cubic centimeters, or at least half that found in some human races. Never¬ 
theless, sagittal and occipital crests and supraorbital ridges tend to develop, 
being especially heavy in the old male gorillas. Associated with the long 
tooth row, there is considerable development of a muzzle. The canines are 
enlarged, and the dental arcade is U-shaped with the molars in two parallel 
rows, in contrast with the hyperbolic tooth row of man. Among interesting 
details in which these forms agree with man is the absence of the centrale in 
the hand, a bone otherwise almost universally present in the order. 

In the late Miocene of Europe and Africa and the Pliocene of Europe and 
southern Asia there are a considerable number of specimens seemingly repre¬ 
sentative of the higher anthropoids but for the most part of somewhat small¬ 
er size than the living chimpanzee or gorilla. Unfortunately, all are fragmen¬ 
tary; and even in the best-known form, Dryopithecns (Figs. 266, C; 267, E), 
we have little more than the upper cheek teeth and most of the lower jaw. 
These creatures were certainly anthropoid apes and not men, for the canines, 
where known, are enlarged and the dental arcade has the ape U-shape. Their 
characters, as far as known, would permit of their being ancestral to the 
chimpanzee and gorilla, and very probably they are close to the human line 
as well. It is to be hoped that future discoveries may yield further and more 
adequate remains of these forms, so interesting because of their possible rela¬ 
tion to our own phylogeny. 

Australopithecus. —A number of ape finds from South Africa are from 
Pleistocene cave deposits. They show features approaching man more closely 
than any other of the manlike forms but are too late in time to be considered 
as actual human ancestors. The original find of Atistralopithecus (Fig. 270, 



354 


VERTEBRATE PALEONTOLOGY 


D) was the skull of an infant. Discounting the fact that young apes resemble 
the human type more closely than does the adult, the skull exhibited various 
characters approaching the human condition, although the animal was clear¬ 
ly to be considered as ape rather than as man. I'his conclusion has been justi¬ 
fied by the later finding of several fragmentary specimens of adult apes 
which are close to, if not identical with, Australopithecus. The general skull 
contours are definitely simian, but the brain capacity, estimated at 650 
cubic centimeters in one instance, is rather above the maximum for existing 
apes, and in the rounded tooth row and reduced canines the dentition is 
close to the human pattern. 

Giant ape-men.—^In recent years there have been found fragmentary 
jaws of giant primates from the early Pleistocene of Java and southern 
China. The remains show features indicating that these animals {Megan- 
tkropus, Gigantopithecus) were close to the ape-human boundary and quite 
possibly primitive hominids. It would appear that nature “experimented” 
with gigantism in the human stock, as she did with many other types of 
animals in the Pleistocene. 

Human characters. —Man and his close fossil relatives are usually placed 
in a separate family; but, as a matter of fact, the anatomical features which 
distinguish men from apes are comparatively few, although, from our own 
point of view, important. Of great significance has been the growth of the 
brain. The average European male has a brain capacity of about 1,500 cubic 
centimeters—much more than twice that of any of the great apes. This in¬ 
crease is mainly in the neopallium, the “gray matter” of the cerebral hemi¬ 
spheres. Here new centers are developed, such as those having to do with 
speech; and especially prominent are areas, absent in the apes, which seem 
to be the seat of higher human faculties. This enlargement of the brain re¬ 
sults in a much expanded braincase and the consequent disappearance of 
crests and supraorbital ridges. In lower primates the prominent canines 
form a marked angle in the tooth row; in man the tooth row (Figs. 266, D; 
267, F) is shorter and rounded, with the canines much reduced. In relation 
to this reduction of the tooth row, the face is less projecting, although there 
is a tendency in modern man for the retention of a long jaw in the develop¬ 
ment of a chin. With reduction of the face in general, the nasal region tends 
to develop into an isolated projecting structure. 

Other important differences are associated with the change in locomotor 
habits. Even among the higher apes we have seen a trend toward terrestrial 
life; man lives on the ground as a biped..Man’s arms are short compared with 
those of the apes; his legs, long. It is not probable that we have descended 
from such a long-armed, short-legged form as the orang but rather that, 
starting from a common ancestor with arms of rather indifferent length, the 
apes during millions of years of tree-living have elongated their arms to vary- 



PRIMATES 


ing degrees, while man has retained more of the original proportions. The 
human hand, except for somewhat greater breadth and flexibility, is of a 
type probably present in the ancestral apes; the living great apes have tended 
to elongate the fingers, except the thumb, for hooking over limbs. A greater 
difference is in the foot. The usual primate foot is similar to the hand. This, 
however, is an awkward structure for ground life. In man the toes have greatly 
shortened, the hallux has lost its primitive opposability, and the calcaneum 
expands to form a prop at the back (the last is true of the higher anthropoid 
apes as well). In further adaptation to the bipedal gait, the back of man is 
much more sinuously curved than in the apes, with the effect of swinging 
the center of gravity up above the hips and raising the head. 

The features listed above are among those which distinguish modern hu¬ 
man types from the apes. Fossil human types tend to bridge this structural 
gap and exhibit intermediate conditions; but our knowledge of human an¬ 
cestors is still a very imperfect one, and we know almost nothing of the evo¬ 
lution of the posteranial skeleton. 

It is probable that the human line diverged from that of the great apes at 
about the Dryopithecus stage, in late Miocene times. There are, however, no 
certain skeletal remains of man in the Pliocene; it is not until the early Pleis¬ 
tocene that we find man present and already branching out into a number of 
types. 

Early human cultures. —Man is a maker and user of tools, and this 
trait may well have appeared early in his development. Flint is a material 
which appears to have found favor for tool-making because it is easily frac¬ 
tured and worked and yet is extremely hard. Flints, thought by some to have 
been used by manlike creatures, have been reported from Tertiary rocks. 
While such finds are of dubious nature, flints were certainly being worked in 
early Pleistocene times, and a series of human cultural stages, based pri¬ 
marily on stone implements, has been established for the Pleistocene of 
Europe and, less surely, for other areas of the Old World. In the Lower 
Pleistocene, covering essentially the first of the four advances of the Europe¬ 
an glaciers and the following interglacial stage, implements were very crude 
(“eoliths”), and the stage may be termed (1) the Pre-Paleolithic. No asso¬ 
ciated human remains are known. The Middle Pleistocene, covering the sec¬ 
ond and third ice advances and a lengthy intervening stage, is the time of 
(2) the Lower Paleolithic, the first accepted subdivision of the Old Stone 
Age. In much of the Old World this was the time of the use of the large hand 
ax or coup de pcrnig^ associated with Abbevillian (Chellean) and Acheulean 
cultures; in other parts of Europe and Asia the time was one of the use of 
simple chopping tools and flint flakes, such as may have been used by Pithe^ 
canthropus and the related Peking man. (3) The Middle Paleolithic is the 
time of the third interglacial stage and the early part of the final (WUrm) 
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glaciation of Europe. The dominant culture is that of the Mousterian, char¬ 
acterized by well-shaped flint flakes and often found associated with remains 
of Neanderthal man. At the end of the Wtirm glaciation there is in Europe 
a characteristic series of cultures—^Aurignacian, Solutrean, and Magdaleni- 
an—^which constitute (4) the Upper Paleolithic (related cultures are found 
in other areas). In addition to expertly made flakes, bone has become an im¬ 
portant cultural material. These cultures are the work of our own species, 
Hottvo jsdpiens. To Recent times rather than to the Pleistocene (and hence 
beyond our province) are to be assigned later human cultures—^the Meso¬ 
lithic; the Neolithic, in which pottery, agriculture, and domestication of 
animals were added to domestic economy; and the Bronze and Iron Ages of 
historic times. 

Early men of eastern Asia. —^Most adequately known of early human 
types are the finds from Java and China customarily termed the “Java ape 
man” and “Peking man.” Pithecanthropus erectus (Fig. 272, A) was first dis¬ 
covered half a century ago on the banks of a Javanese river near the little 
village of Trinil, associated with an abundant mammalian fauna of Middle 
Pleistocene date. The original find consisted merely of a skull cap, with 
which were more or less doubtfully associated a thigh bone, several teeth, 
and jaw material (from another locality). In recent years several other par¬ 
tial skulls and jaws have been found, so that the cranial anatomy is fairly 
well known. The braincase, including the forehead region, was extremely low, 
and the brow ridges over the orbits enormous. Further, the skull is rather 
narrow compared to its length, a feature common to most early human forms 
(skulls in which, as here, the breadth is 75 per cent or less of the length are 
termed dolichocephalic; short-headed types, with the figure over 80 per cent, 
are brachycephalic; intermediates are mesocephalic). 

Endocranial casts suggest an essentially human type of brain, although a 
small one; the averse figure for endocranial capacity of 890 cubic centi¬ 
meters is far below that of any modem human type, although well above the 
highest of apes. In contrast with modern men, the face was projecting and 
broad, with a large (and probably flattened) nose. The teeth were in most 
respects of human type, but there is evidence suggesting that the males had 
somewhat enlarged canines. There was no chin projection. If the femur is 
properly associated, P. erectus (as his specific name would imply) had al¬ 
ready assumed an upright posture. 

During the last fifteen years a considerable number of skulls and jaws of 
a primitive human type have been recovered from Middle Pleistocene de¬ 
posits at Choukoutien, near Peking, China (Fig. 272, B). Their study has 
revealed another early type of man, similar to PithecanBiropus in many re¬ 
spects. The only conspicuous difference lies in the fact that the average of 
four endocranial cavities measured is about 1,050 cubic centimeters in the 



Fio. 272.—Skulls of fossil human types. A, Pithecanthropust part of face restored; B, Sinanthropus^ 
face and back part of jaw restored; C, EoanthropuSt face, some small areas of the braincase, and the 
t4> ctf the jaw restored; the jaw doubtfully associated; D, the Heidelberg jaw; E, Neanderthal man; 
F, Cro-Magnon man from Grimaldi. (A^ after McGregor and von Koenigswald; B after Weinert; C after, 
Elliott Smith; E, F after McGregor.) 
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Peking man, compared with a much lower figure in the case of the Java form. 
This is, however, thought to be due to the fact that the Chinese specimens 
may be for the most part males, the East Indian skulls measured those of 
females; sex differences in brain size are marked in many human races. The 
Chinese form was given a separate generic name as Sinanthropus, but stu¬ 
dents of these forms are currently agreed that they are closely related, if not 
specifically identical, races and that the general Pithecanthropus stock was 
a widespread early human type, in Asia at least. 

Early European human finds.— Pithecanthropus is a primitive form, 
readily derivable from an advanced ape and, on the other hand, a good an¬ 
cestor for Neanderthal man of the late Pleistocene. This suggests that early 
human evolution was a relatively simple and straightforward story. Finds 
from the early and Middle Pleistocene of Europe, however, complicate the 
picture. 

The Heidelberg jaw, Homo hddelbergensis (Fig. 272, D), found in a sand¬ 
pit not far from that German city, is perhaps our oldest human fossil, for it 
is from a deposit which is thought to pertain to the first interglacial stage, 
included in the Lower Pleistocene. Only the lower jaw is known. This is very 
massively built but, despite a few specializations, comparable to the general 
Pithecanthropus type, suggesting that relatives of this Asiatic genus may 
have been widespread in Eurasia. 

Quite in contrast is the set of remains of Eoanthropus (Fig. 272, C), the 
‘‘dawn man,” discovered at Piltdown in Sussex in deposits which may be 
equally early. The type comes from a gravel bed which appears to have been 
laid down in the early Pleistocene but contains some redeposited Pliocene 
fossils. The whole skull and jaw were probably present originally in the 
gravel pit, but only broken pieces were recovered. There is, however, sufl[i- 
cient material to reconstruct everything except the facial region with con¬ 
siderable accuracy. The skull was highly vaulted, although thick-walled; the 
supraorbital ridges were nearly as weak as in a modern man; and, the cranial 
capacity of 1,200 cubic centimeters brings it within the limits of our own 
species. In contrast with this, however, the jaw was very apelike, with a re¬ 
treating chin, a canine which projected above the other teeth, and other 
features which have led some writers to believe that the jaw really did not 
belong to the skull but was that of a chimpanzee. There are, however, no 
Pleistocene fossil chimpanzees in Europe; and evidence for the association 
of jaw and skull is afforded by the discovery near by of a fragment of a sec¬ 
ond skull similar to the first, together with a tooth like those in the original 
jaw. 

If the association is correct, early human evolution must have followed 
more than one path, for here the skull is far more advanced than in the 
roughly contemporary Asiatic pithecanthropoids, the jaw much less pro- 
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gressive. And even if the jaw be denied, we must seemingly admit that a con¬ 
temporary of the low-browed Pithecanthropus had precociously developed 
a braincase much more advanced and comparable to that of modern man. 

There are several other finds from the Middle Pleistocene of Europe (such 
as those at Swanscombe and Galley Hill in the lower Thames Valley) which 
tend to corroborate this evidence of a man with a modern type of skull vault 
in Middle Pleistocene times. However, these finds are either of a very frag¬ 
mentary sort or of a questionable age, and 
the general picture of early human evolution 
in Europe is currently a blurred and confusing 
one. 

fleanderihai man. —The characteristic hu¬ 
man type of the Mousterian cultural period 
of the last interglacial stage and the early por¬ 
tion of the final European glaciation is Homo 
neanderthalensis (Figs. 266, D; 267, F; 272, 

E; 273), named from a German site but now 
known from a great number of localities in 
Europe and even represented in western Asia 
and northern Africa. The braincase had as 
high a cranial capacity as most living men 
(averaging about 1,550 cubic centimeters for 
males). This was mostly accounted for by the 
expansion in the occipital region of the brain, 
for the forehead was low and the supraorbital 
ridges greatly developed. These features, to¬ 
gether with a face more elongate than in 
modern men and the undeveloped chin, must 
have given the creature in life a very apelike 
appearance. Here, for the first time, complete 
skeletal remains are known. The body was 
slightly stooped, the knees always slightly 
bent, and in other details (despite the rela¬ 
tively late date) there is still much suggestion of the creature’s ape an¬ 
cestors. 

Modern man. —^As the last glaciation drew to a close in Europe, there ap¬ 
peared a new series of cultures, the Upper Paleolithic—^Aurignacian followed 
briefly by the Solutrean and Magdalenian. In these stages bone was used to 
a considerable extent; and the men of the time possessed a high degree of 
artistic talent, shown in the mural engravings and paintings of rock shelters. 

At this comparatively late date (not more than 20,000 years ago at the 
outside) we find, for the fiirst time in Europe, a modern type of man unques- 



Fio. 273.—Skeleton of Neander¬ 
thal man. (After Weinert’s Ursprung 
der Menschheit [Stuttgart: Ferdinand 
Enke].) 
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tionably to be assigned to our own species, H, sapiens. In such a race as the 
Cro-Magnon type (Fig. F), associated with the Aurignacian culture, 
the forehead was high, the cranial capacity about 1,500 cubic centimeters, 
the supraorbital ridges gone, the face short, the nose well developed, and the 
chin protruding. 

This sudden appearance in Europe of modern man, fully formed, raises 
difficult problems as to his origin. Some have believed that he was evolved 
from his European predecessor, the typical neanderthaloid. But there are 
few evidences of transitional features in European fossil men, and the cul¬ 
tural sequence suggests replacement rather than transition. It is probable 
that in Europe 11. sapiens replaced and eliminated Neanderthal man. 

Two other hypotheses remain. One suggests that the modern hiunan type 
has no connection of any sort with the Pithecanthropus-Sinanthropus group 
or its Neanderthal descendants but has evolved independently throughout 
the Pleistocene, with Eoanthropus as an early representative. This is possible 
but, at present, is supported by little positive evidence. Still a third theory, 
halfway between the two extremes, suggests that H. sapiens has descended 
from some extra-European neanderthaloid and, after evolving to modern 
human standards, entered Europe as a successor to the related but com¬ 
paratively unprogressive H. neanderthalensis then in possession. 

Recently discovered neanderthaloid skeletons from Mount Carmel in 
Palestine show an admixture of modern characteristics. These individuals 
may be cited as evidence of an evolutionary progression from one species to 
the other, but they have also been interpreted as hybrids between the two 
species. The problem of the origin of modern man is still far from a solution. 

Extra-European late Pleistocene types. —Our story of human evolu¬ 
tion in the late Pleistocene has been told mainly on the basis of European 
discoveries. This is merely because this region has been more carefully stud¬ 
ied than other sections of the Old World; the other portions of Eurasia and 
Africa have, as yet, been little explored but are beginning to yield many in¬ 
teresting finds. 

At Broken Hill, Rhodesia, a skull from a cave deposit of an unknown but 
possibly late Pleistocene date is that of a man of bestial appearance, with a 
massive face, heavy brow ridges, and low forehead, suggesting Neanderthal 
affinities. It is thought that Rhodesian man may be related, through other 
archaic types from South Africa, to the ancestry of the living Bushmen. 

Somewhat similar is Homo soloensis^ represented by numerous partial 
skulls from the late Pleistocene of the Solo River in Java. This man, it is 
suggested, may be descended from Pithecanihropus and represent a stage 
somewhat below the typical neanderthaloid level. It is also thought that 
Solo man noiay be related to the ancestry of the Australians; other skulls 
from Java and Australia are interpreted as transitional in type. 
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Upper Paleolithic races of man which are apparently not too dissimilar to 
those of this age in Europe are known from areas as far removed from one an- 
other as Algeria, eastern Africa, and China. Several African finds which ap¬ 
pear to be of some antiquity show primitive negroid features, and skeletons 
from the Upper Paleolithic of Grimaldi on the Riviera also show negroid 
characteristics. We have, however, no evidence as to the early history of the 
mongoloid type of man now dominant in eastern Asia. 

The time of arrival of man in America has been a question of some inter¬ 
est. There is here no series of cultures comparable to those of the Old World, 
and no skeletons have been discovered which show marked differences from 
the modern Indian. Very probably man reached America only during or 
after the last retreat of the glaciers. But his arrival must have occurred at an 
early postglacial date, for finds in southwestern United States and in South 
America show that he was present at a time when ground sloths, horses, 
camels, and other types now extinct were still in existence in the Western 
Hemisphere. 
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A MONG the varied mammalian groups which arose at the dawn of 
the Cenozoic, none is more prominent or more clearly derivable 
A m from the primitive placental stock than the order Carnivora, the 
flesh-eating mammals. The development of carnivores is a logical conse¬ 
quence of the insectivorous habits of the ancestral mammals. Once herbivo¬ 
rous mammals had come into existence, it was only to be expected that cer¬ 
tain of the early insectivores should tend to prey upon them and take on 
various adaptations better fitting them for a flesh-eating existence. 

Carnivore adaptations. —^Modifications for this type of life markedly 
affect the dentition. A good set of incisors for biting off flesh and a pair of 
piercing canines are essentials which were already present in insectivores and 
are seldom modified in carnivores. The primitively sharp-cusped cheek teeth 
may undergo various changes. For flesh-eating, some sort of shearing ap¬ 
paratus to slice off the meat and cut tough sinews is a necessity. In insectivores 
there is some shearing effect between the back edge of each upper cheek tooth 
and the front edge of the following lower one (cf. Fig. 242). The carnivores 
have generally tended to emphasize the shear between a pair of highly spe¬ 
cialized teeth called the carnassials. In the development of the opposed 
shearing surfaces, the originally diagonal line of meeting between the teeth 
tends to swing around to a fore-and-aft position, and the teeth concerned 
tend to simplify in structure and become high, narrow, and elongated. In 
different carnivore groups the pair of teeth which developed into carnassials 
has varied. In living types it is always the last premolar above, the first 

molar below; but in some early types the pair selected was , in others . 

Some forms never developed camassial teeth, and others have lost them 
functionally in correlation with changes in diet. 

The teeth behind the carnassials tend to be reduced and lost in the more 
purely carnivorous types. In forms which have a mixed diet they are less re¬ 
duced and in some cases have become low-crowned crushing teeth capable of 
dealing with nuts, fruit, and the like. 

A carnivore normally uses its claws for seizing its prey, and consequently 
there is but rarely any tendency to develop hoofs. The metacarpals and 
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metatarsals are never greatly elongate, nor is there much reduction in the 
toes except for the pollex and hallux. Some carnivores (like the wolves) are 
rather good running forms; others (like the cats) depend upon a rapid dash 
and bound to obtain their prey. Many carnivores are more or less arboreal in 
habits, while some types have become aquatic forms. The clavicle is reduced 
or absent in carnivores. 

We may picture a primitive carnivore as a small and perhaps arboreal ani¬ 
mal much like the opossum in its general habits. In relation to arboreal life, 
pollex and hallux were somewhat opposable; there was a five-toed, semi¬ 
plantigrade foot, and flexible limbs and body. The teeth would have been of 
the primitive tribosphenic type, with small shearing surfaces developing be- 



Fia. 274.—^The phylogeny of the Carnivora 


tween neighboring molar teeth. The skull was presumably long, the brain 
small. These conditions are approached in some of the known early carni¬ 
vores. 

The general history of the group (Fig. 274) includes: (1) the early develop¬ 
ment of a group of primitive carnivores (suborder Creodonta) which flour¬ 
ished during the Paleocene and Eocene; (2) the radiation, at the end of the 
Eocene, from one early family, of the modern land carnivores (suborder 
Fissipedia); (3) the comparatively late development of marine carnivores 
(suborder Pinnipedia). 

Creodonts. —^The creodonts were the earliest and most primitive of 
carnivores. Appearing at the beginning of the Paleocene, they were very 
numerous throughout Eocene times. But with the disappearance of the more 
archaic ungulates upon which most of them presumably preyed, they rapidly 
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dwindled in importance and in the Oligocene were almost entirely replaced 
by the more advanced fissipedes. 

The creodonts were, in general, rather archaic in their build, and their 
characteristics were mainly negative, primitive ones. The skull was generally 
rather long and low; the braincase was small, with consequently well-de¬ 
veloped sagittal and occipital crests. The dentition was usually complete, al¬ 
though exceptionally a small first premolar or the last molar might be lost. 
The molars were primitively tribosphenic; but there was considerable varia¬ 
tion, especially in the development of carnassials. These sometimes re¬ 
mained undeveloped or, if present, occurred posterior to the position found 
in the fissipedes. In contrast with typical fissipedes, the auditory bulla was 
unossified; and in the carpus the scaphoid, lunar, and centrale were distinct. 
There was usually no loss of toes. The claws were usually either fissured or 
flattened and rather hooflike (Fig. 277, A). In habits there appears to have 
been considerable variation: some were probably omnivorous, some small 
types perhaps still mainly insectivorous, others may have been carrion- or 
mollusk-feeders, rather than typical carnivores. 

The brain of the creodonts was generally of small size and their intelligence 
presumably low. This may have been a main cause of the early extinction of 
the group; for with replacement of the slow-footed and stupid herbivores of 
early Tertiary time by the swifter modernized ungulates, intelligent group 
pursuit (as in the wolf pack) or clever stalking (as in the case of the cats) be¬ 
came necessary for the capture of prey. 

The creodonts, as here defined, may be divided into three infraordinal 
groups: (1) Procreodi, primitive types without specialized carnassials; (2) 
Acreodi, forms without carnassials but with heavy crushing teeth; (3) 

Pseudocreodi, typical creodonts with carnassials ^ or jjj-. 

Primitive creodonts. —^Most primitive of carnivores were the early 
members of the Procreodi, all of which are included in the family Arctocy- 
onidae. These were abundant in the Paleocene. Many were of small size, 
with sharp-cusped cheek teeth in which no particular pair was set apart for 
shearing purposes. Primitive in many other characters, with very small 
brains, slim bodies, and slender limbs with sharp-clawed feet, they seem un¬ 
questionably to represent forms transitional from the primitive Cretaceous 
insectivores to later carnivores. 

Primitive members of the family, such as Oxyckuenus and Tricmtes (Fig. 
275, A), were numerous in the Paleocene; few are found later, although one 
or two obscure carnivores in the Oligocene of Asia may represent survivors. 
Within the family there were several divergent lines. Some include forms 
of large size, such as the European Arctocyon and the American Claenodon; 
these grew as large as bears and were an early parallel to the bears in denti- 
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tion and probably in omnivorous habits as well. Still others, including Triiso^ 
don, appear to represent the ancestors of the mesonychids. 

Blunt-toothed creodonts. —The procreodonts were the characteristic 
carnivores of the Paleocene; the Acreodi and Pseudocreodi, descended from 
them, replace them in the Eocene. The Acreodi, including only the Meso- 
nychidae, is the less important of the two, but the mesonychids are of interest 
because of their specializations and large size. In this family the upper cheek 
teeth were triangular, with blunt cusps; the lower molars had curious shear¬ 
ing talonids. The feet (Fig. 277, A) were wolflike in proportions but with flat¬ 
tened, fissured, distal phalanges which appear to have borne small hoofs rather 
than claws. Mesonyx (Figs. 275, B; 270, B) of the Middle Eocene had a skull 



Fig. 276.— A-C, Skulls of early carnivores. A, Oxyaena, skull length inches; Bp MesonyXp skull 
length 11 inches; C, Sinopa (Hyaenodontidae), skull length about 6 inches; Dp the eucreodont Vvlpamis 
(Miacidae), skull length about 3 inches. (.^4, C after Wortman; B after Scott; D after Matthew.) 


a foot in length; later Eocene types grew to the size of a Kadiak bear, and 
the Mongolian Andrewsarchus had a skull a full yard long. The habits of 
these grotesque forms are difficult to guess at; suggestions as to diet range 
from carrion to mussels. 

Typical creodonts. —The characteristic carnivores of the true Eocene, 
the Pseudocreodi, belong to two families—the Hyaenodontidae and Oxyaeni- 
dae—^both presumably derived from the Paleocene arctocyonids and both 
becoming progressively specialized to fit into the various modes of life af¬ 
forded by the wide array of Eocene herbivorous types which formed their 
prey. In both families specialized shearing teeth were developed, as was the 
case in the miacids considered below, but farther back in the molar series; in 
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further contrast with these forms, the claws of these typical creodonts were 
inserted into fissured terminal phalanges. The two pseudocreodont families 
are closely related and the taxonomic boundary between them is variably 
drawn. 

The oxyaenids include a series of forms of the late Paleocene and Eocene. 

The skull was broad and short, the jaw deep and massive. ^ developed 

as shearing teeth, and the postcarnassial molars tended to disappear. Typi¬ 
cal members of the family were rather long-bodied, short-legged types with 
spreading plantigrade feet. 



Fig. 277.—Feet of carnivores, manus above, pes below. A, Synoplotherium^ a mesonychicl creodont; 
By miacids, manus of VulpavuSy pes of Didymictis; C, the Oligocene canid Daphoenus; Z>, Hoplophoneusy 
an Oligocene saber-tooth cat. {Ay after Wortman; B after Matthew; C after Hatcher; D, after Adams.) 


Although tending to grow to large size in some cases, they seem to have 
been somewhat comparable to the modern mustelids in habits. Oxyaena 
(Figs. 275, D; 276, A; 278), of the Lower Eocene, was a powerful wolverine¬ 
like animal which appears to be ancestral to the Middle Eocene Patriofelis 
of bearlike size and to Sarkastodon of the Upper Eocene of Asia, nearly as 
large as the contemporary Andrewsarchus, Palaeonictis, a rather catlike 
type from the Lower Eocene of both Europe and North America, is of inter¬ 
est in that the shearing function is shared by both and above, M 2 and 
Ml below; it is thus structurally intermediate between the oxyaenids and 
the miacid ancestors of the fissipedes, although not ancestral to the latter. 
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A much larger assemblage is that of the Hyaenodontidae, a group which 
also appeared in the late Paleocene but, unlike the oxyaenids, survived in 
the Old World tropics in diminished numbers until late Tertiary times. 
These were forms in which the skull and tooth row tended to be more 
elongate than in oxyaenids, the jaw more slender, the body more slimly built. 
The limbs were rather longer, the feet more digitigrade in posture, and the 
nature of the terminal phalanges suggests the presence of typical claws in 
contrast to the flatter tips of the short toes of oxyaenids. 

Some Eocene forms, such as Limnocyoriy have a rather broad skull and 
over M 2 functioning as carnassials, as in the oxyaenids; they are included 
here, since in other features they are closer to the typical hyaenodonts. With 
this group is to be associated Apataelurus, an Upper Eocene genus known 



Fig. 278.— Oxyaem, an Eocene creodont (Oxyaenidae); original about 39 indies long. (From Wort- 
man.) 


from a jaw remarkably similar to the saber-toothed cats of later Tertiary 
epochs. 

More typical hyaenodonts are Sinopa (Figs. 275, C; 276, C) and Hyaeno- 
don. These animals have long, narrow skulls and well-developed carnassials 
formed by M^ and M 2 . Sinopa of the Lower and Middle Eocene is representa¬ 
tive of a series of small, lightly built genera; its species range in size from 
weasel to fox. Hyaenodony found in both North America and the Old World 
in the Oligocene, was a much larger and more heavily built type which may 
have been able to prey upon the larger ungulates of the time. 

These typical hyaenodonts form the exception to the rule that the creo- 
donts did not outlast the Eocene. A considerable number of forms were still 
present in the Oligocene, and relatives of both Sinopa and Hyaenodon sur¬ 
vived in the Old World tropics until Miocene and even Pliocene times. 
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The Miacids—^fiesipede beginnings. —^The dominant carnivores of post- 
Eocene times were destined to come from another and relatively obscure 
group of Paleocene and Eocene animals—^the Miacidae—which constitute 
the Eucreodi. Didymictisy the ancestral genus, appears in the Middle Paleo¬ 
cene, and the line is continued through the Eocene by Miacis, Vulpavus (Figs. 
275, E; 276, D), and other genera. They are, for the most part, poorly known, 
for almost all were of small size; and there is considerable evidence that they 
were rather persistently arboreal forest dwellers—^types which are infre¬ 
quently fossilized. As in primitive carnivores generally, the body and tail 
were long, the limbs short but flexible, the pollex and hallux somewhat op¬ 
posable (Fig. 277, B). The tympanic bulla was unossified, and there was no 
fusion of carpal bones. In such features they resemble the creodonts already 
considered; and the Eucreodi are very commonly grouped with the Creo- 
donta in a horizontal type of classification. However, they differ from typical 
creodonts in a number of respects. The terminal phalanges are neither fis¬ 
sured nor flattened, as they are in creodonts. More significant, presumably, 
is the fact that the miacids are thought to have had relatively larger brain 
capacities than their creodont contemporaries; the rapid evolution of mod¬ 
ernized ungulates may have placed a premium on brains as an important 
factor in survival. Finally, a diagnostic feature lies in the carnassial teeth. 

P4 

These were well developed and are formed, as in later fissipedes, by 

We shall here adopt a vertical classification and place the Eucreodi in the Fis- 
sipedia as a basal stock. 

In late Eocene and early Oligocene days there began the development from 
the miacids of the diversified fissipede families which have since become the 
dominant land carnivores. The skeletal alterations necessary to transform a 
miacid into a typical fissipede are few—^fusion of scaphoid, lunar, and cen- 
traJe in the carpus into a single element and ossification of the auditory 
bulla—and these structures are seldom present in the fossil material (usu¬ 
ally quite imperfect) of early fissipede genera. Deposits of the time of 
transition have yielded remains of a number of genera of small carnivores 
which are exceedingly diflScult to place. They surely include the ancestors of 
later civets, weasels, and dogs; but these stocks were at the time almost im¬ 
possible to separate, although there are slight but suggestive differences in 
the dentition. Were we living at the beginning of the Oligocene, we should 
probably consider all these small carnivores as members of a single family. 

Cynodictis and Pseitdocynodictia (Figs. 275, F; 282, A; 283) of the early 
Oligocene are typical primitive forms. The skeleton was much like that of a 
civet or a weasel. The body was long and flexible; the limbs short. All five 
toes were present on the short and spreading feet, which appear to have been 
armed with retractile daws. As in most later carnivores, the last upper molar 



370 


VERTEBRATE PALEONTOLOGY 


had already disappeared. These genera are customarily considered primitive 
dogs, but in most respects they seem not far from ideal ancestors of the whole 
fissipede group. 

Before the end of the Oligocene several of the major groups of carnivores 
had already become distinct, and by the latter part of the Tertiary the carni¬ 
vores had become divided into the seven or more families still existing at the 
present time. 

It has long been recognized that living fissipedes may be conveniently di¬ 
vided into two great groups; one, the Aeluroidea, includes civets, hyenas, 
and felids; the other, the Arctoidea, includes such types as dogs, raccoons, 
bears, and weasels. The fossils tend to support this division, although the 
distinctions are none too clear cut. The aeluroids, which we shall consider 
first, may be defined by such technical features as the fact that the tympanic 
bulla is (in contrast to the arctoids) a compound structure; the tympanic 
bone forms only the outer margin of the bulla, the remaining portion being 
formed by a separate ossification, the entotympanic. 

Civets. —^The basal stock of the aeluroids lies in the family Viverridae, in¬ 
cluding civets, genets, the mongoose, and a number of other Old World 
types. The civet, Viverra, is a representative form. It is a small carnivore 
with a long skull, a slim body, long tail, and short legs. All the premolars are 
present in this genus, but the first is tiny and is lost in many relatives. The 
carnassial is a good shearing tooth. Only two molars are present in either 
jaw; the upper ones are triangular and never develop a hypocone; the second 
is considerably smaller than the first. 

In dentition and many other respects the typical civets are very similar 
to the ancestral miacids from which they are descended and from which 
early viverrids are diflScult to distinguish; so similar are they that it has been 
suggested that miacids and viverrids might even be considered as constitut¬ 
ing early and later members of a single, long-lived family. 

The viverrids are characteristically the small carnivores of the Old World 
tropics. Small size, forest-dwelling habits, and tropical distribution all have 
tended to make them relatively rare in the fossil record; a number of genera 
are, nevertheless, recorded in Tertiary and Pleistocene deposits; none ever 
reached America. Despite the relatively primitive position of the family as a 
whole, the viverrids nevertheless show great variability in both fossil and re¬ 
cent genera. Among the variant types are some which are strikingly sugges¬ 
tive of the felid family. The existing fossa (Cryptoprocta) of Madagascar is a 
large and rather catlike viverrid; Stenopledctis of the Oligocene is an ancient 
type showing similar specializations. By some writers these forms are con¬ 
sidered as ancestral felids and placed in the Felidae. They are here, however, 
retained conservatively in the Viverridae; for, although they are structurally 
antecedent to the cats, it is doubtful whether they represent the actual 
viverrids from which the felids took tiieir origin. 



CARNIVORES 


371 


Hyenas .—side branch of the civets which has progressed so far as to rank 
as an independent family is that constituting the Hyaenidae (Figs. 275, M; 
282, F), The living hyenas of the Old World tropics are large scavengers 
with heavy and blunt teeth for bone-crushing. The carnassials are powerful, 
but of the postcarnassial teeth there remains only a tiny upper molar. The 
hyena is a digitigrade, running type which has lost hallux and pollex and has 
blunt nails rather than claws. 

There are two living types—the striped hyena {Hyaena) of northern Africa 
and western Asia and the spotted hyena of South and central Africa (often 
considered as a separate genus, Crocuta ); both were present in Europe in the 
late Pliocene and the Pleistocene. The hyenas can be traced back to the viver- 
rids, from which they are a late offshoot. Ictitherium of the early Pliocene is 
intermediate in character, for, although trending in the hyena direction, it 
has the complete viverrid dentition and the teeth are not so heavy as in the 
modern types. 

Conventionally grouped with this family is the “aard wolf,’’ Proteles, of 
South Africa, which superficially has the appearance of a small, slim hyena. 
It is, however, an insect-eater, and in relation to this fact the jaws are (in 
marked contrast to the hyena type) slim in build and the teeth tiny and uni¬ 
form in character. Like the hyenas the “earth wolf” is obviously a specialized 
offshoot of the civet group, but no connecting fossil forms are known. 

Cats. —The most interesting of the aeluroids and in many ways the most 
specialized of all carnivores are the “cats,” comprising the family Felidae. 
Almost all modern felids, from the domestic form to the lion and tiger, may 
be included in the genus Felis in a broad sense. In contrast to the dogs, for 
example, most cats, although digitigrade, are not good running types but de¬ 
pend for success in catching prey on a sudden leap onto their victim; the 
skeleton is hence more flexible than that of the dog, the claws are sharper 
and are retractile. The pollex is lost in modern forms, although the hallux is 
retained. The skull is comparatively short and high. The canines are power¬ 
ful. The premolars partake somewhat of the carnassial pattern, and one up¬ 
per and two lower ones are functional (there are one or two additional small 
ones in the upper jaw). The carnassials are well developed as purely shear¬ 
ing structures of two blades. The cats are almost pure carnivores, and there 
is no grinding surface left in their dental battery; as in the hyenas, only a 
tiny first upper molar remains behind the carnassials. 

The living felids may be considered as typical of a subfamily, the Felinae. In 
sharp contrast are the extinct saber-toothed “cats,” Machaerodontinae, of 
which the Pleistocene Smilodon (Figs. 275, P; 279, J?) is a good example. In 
the saber-tooths the upper canines were exceedingly long stabbing and slic¬ 
ing structures; the lower canines were correspondingly reduced, and there 
was often a flange at the front end of the lower jaw serving as a guard for the 
upper canine tooth. Connected with this specialization were many related 
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ones. The jaw was so constructed that it could be opened to about a right 
angle; the reduced ascending ramus of the jaw and the high-crested, V- 
shaped back part of the skull are related to the consequently changed posi- 



Fio. S79.—Skulls of saber-tooths and true cats. A, Hoph’phonem, an Oligocene saber-tooth, skull 
length about Of inches; Smilodon, Pleistocene, skull length about 12 inches; C, DinicHst an Oligocene 
form with small sabers possibly ancestral to the true cats, skull length about 6i inches; Z>, MeiaUimti 
minor, a Pliocene true cat, skull length about 5f inches. (A-C after Matthew; Z) alter Zdansky.) 

tion of the temporal muscle. The mastoid process was powerfully developed 
for the attachment of muscles which puli down the head. It is believed that 
the saber-tooths preyed mainly upon such thick-skinned animals as masto- 
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dons and elephants; a deep stab would have been necessary to reach vital 
structures, and the sabers may also have been effective in slicing wounds 
which would cause death by copious bleeding. 

The felids had the most rapid development of all the fissipede families. In 
the late Eocene and early Oligocene, at a time when, as we have said, most 
of the modern families could hardly be told from one another or from their 
miacid ancestors, we find that even highly specialized saber-tooths were al¬ 
ready present. Hoplophonem (Figs. 279, A)^ a characteristic American Oligo¬ 
cene form, shows all the essential characters of the later saber-tooths, al¬ 
though they were here not so highly developed; the skull was not so high 
posteriorly, the saber not quite so long (although the jaw flange was even 
more prominent), and the premolars were less reduced than in later forms. 
Saber-tooths were present at nearly every stage of the Tertiary in the north¬ 
ern continents; and in the Pleistocene they successfully “raided” South 
America, where the large native ungulates may have afforded an easy prey. 
Their eventual extinction may perhaps be associated with the increasing 
rarity of the large “pachyderms” upon which they preyed. It is possible that 
the mastodon was a favorite victim of the later saber-tooths. In North Ameri¬ 
ca these primitive proboscideans persisted until the end of Pleistocene times, 
and so did Smilodon. In Europe, however, mastodons disappeared at the 
beginning of the Ice Age, and the saber-tooths also disappeared early. 

Modernized catlike types, Felis and related genera, with “normal” ca¬ 
nines appeared in the early Pliocene. Their origin has been much debated, for 
all the better-known older felids have much larger canines and hence were 
saber-tooths of one sort or another. Those who believe that evolutionary 
trends never reverse themselves are forced to believe that the later felines 
have descended from earlier Tertiary ancestors who remained in obscurity 
in Oligocene and Miocene times and are not readily identifiable, if present at 
all, in the fossil record. 

An alternative solution, however, has been suggested. Paralleling the 
typical saber-tooths from late Eocene to Pliocene, we find a series of forms 
which may be termed “false saber-tooths,” of which the Oligocene Dinictis 
(Figs. 275, N; 279, C; 280) is typical. The upper canine was considerably 
larger than in modern cats, the lower canines small, and there was a distinct 
(although small) flange on the lower jaw. These false saber-tooths persist 
through the Miocene into the Pliocene. Metailurus (Figs. 275, 0; 279, D) 
and PseudaeluriLS of the Miocene and Pliocene belong to this series, but the 
jaw and dentition are less like the saber-tooths and closer to the living felines. 
It is thus not improbable that the “normal” modern cat tribe has evolved 
from saber-toothed ancestors. 

Musielids. —^The arctoid group of modern carnivores, including weasels, 
dogs, raccoons, bears, and related types, may be distinguished from typical 
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aeluroids by various technical characters. The claws, for example, are almost 
never retractile (as they are in the cats); the tympanic bulla is generally 
formed by the tympanic bone alone; there is a long canal running fore and 
aft beneath the bulla for the carotid artery, which supplies blood to the brain 
and skull region (cf. Fig. 239). 

A basal group of arctoids, comparable in position to that of the viverrids 
among the aeluroids, is that of the family Mustelidae. The mustelids include 
such familiar forms as skunk, weasel, badger, wolverine, and otter. These 
are the characteristic small carnivores of the north temperate zone, parallel to 
the viverrids of tropical habitat. In general form and habits typical mustelids 
are, like the viverrids, relatively primitive. They tend to remain comparative¬ 
ly small in size, with short, stocky limbs and a full complement of toes; a 



Fia. 280 .—DinicUsf an Oligocene felid; original about Sj feet long. (From Matthew.) 


majority have remained forest dwellers, and many are still more or less arbo¬ 
real; almost universally the mustelids have remained good carnivorous types. 
Continued emphasis on a flesh-eating diet has not only resulted in the reten¬ 
tion of well-developed shearing teeth in the greater number of mustelids but 
also in the reduction of the molars; no living mustelid has more than a single 
postcarnassial molar in either jaw. In most forms the upper molar has a char¬ 
acteristic expansion of the inner portion with a “waist** between the two 
halves. The reduction in the molars (and often in the anterior premolars as 
well) has been accompanied by a shortening of the facial region of the skull; 
seldom is any diastema developed. 

The taxonomy of the numerous modern forms is somewhat unsettled 
(some have proposed to divide them into as many as thirteen subfamilies); 
and the fossil history of mustelids is comparatively poorly known, for ap¬ 
parently most of them were forest-dwelling types. 
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The ancestral Oligocene forms were small, sharp-toothed carnivores. The 
two upper molars were usually still present, while the peculiar shape of the 
first molar had not been developed. These early types seem to have been 
very close to the more primitive dogs and even to the contemporary civet 
ancestors. The largest of all known mustelids is an early Miocene American 
form, Megalictis, somewhat comparable to a wolverine and as large as a 
black bear. 

We may distinguish among later mustelids at least three main groups 
which appear to have been established before the close of the Miocene: (1) 
one including the weasels {Mustela [Figs. 275, L; 282, £]), martens, fishers, 
etc.; these are the typical small, short-limbed, bloodthirsty carnivores of the 
group and have retained a sharp, cutting type of dentition; (2) the wolverine 
{Gulo) and the “honey badger*’ of the Old World, large forms with robust 
teeth but predaceous habits; (3) a large group in which the dentition some¬ 
what parallels the raccoons in that the carnassials have lost much of their shear 
while the molars tend to take on a 
grinding character; in many, insects 
are a prominent article of diet. The 
skunks {Mephitis, etc.) are the more 
generalized members of this group; 
the otters {Lutra, etc.) are related 
forms which have taken up an 
aquatic, fish-eating life, one even 
becoming a marine type, p^allelmg *1 ind.es. (After Riggs.) 

the seals; the badgers ( Taxidea, etc.) 

are types in which the dentition is still less carnivorous, a hypocone being de¬ 
veloped on the carnassial. 

Dogs. —second primitive arctoid stock is that of the family Canidae. 
Represented today by a considerable number of dogs, wolves, and foxes, the 
group goes back to the very beginning of fissipede history, and fossil types 
are very numerous, presumably because the canids have been in great meas¬ 
ure dwellers in open-plains country. They are essentially cursorial terrestrial 
types with four digits well developed but with the pollex and hallux reduced, 
the toes close together, the claws blunt. The skull is long; the bulla typically 
large. The shearing function of the carnassials is well developed; but there is 
some grinding surface on the molars, two of which are normally retained 
above and two or even three below. 

Cynodictis and Pseudocynodictis, described earlier, are among a series of 
small fissipedes which are very primitive in build but appear to lead to the 
dog group. Such forms appeared before the end of the Eocene. Early in the 
Oligocene there had evolved genera more definitely canid in nature. Half-a- 
hundred genera of doglike animals are known from the Tertiary, representing 
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a complex series of phyletic lines. A main sequence appears to lead through 
such forms as Cynodesmus (Fig. 282, C) and Temnocyon (Fig. 275, G) toward 
the modern dogs, wolves, and jackals (Canis) and the foxes {Viilpes, Uro- 
cyon). In this line there was little tendency toward increase in size; the limbs 



Fig. 282.—The skull in fissipede carnivores. PsettdocynodidUf a primitive Oligocene iissipede, 
length of original about Si inches. B, Cynodesmua, a Miocene canid, length of original about 5\ inches; C, 
Hemicyont a Miocene form intermediate between dogs and bears, skull length about IS inches; D, Arc- 
todust an American Pleistocene bear, skull length about IS inches; Et Muatela robusia, an English Pleisto¬ 
cene weasel, skull length about 2| inches; F, Hyaena mriabiliet a late Tertiary fossil hyena from China, 
skull length about 9 inches. {A after Scott; B after Matthew; C after Frick; D after Merriam and Stock; 
E after Reynolds; F after Zdansky.) 

were elongating, poUex and haUux were in process of reduction^ and the run¬ 
ning gait was evolving. Although now present in the three southern conti¬ 
nents, canids were unkown in South America before the Pleistocene^ and the 
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dingo of Australia is quite possibly a type introduced by man. Dogs appear 
to have been the oldest animals domesticated by man, and remains of this 
camp-follower are common in Neolithic sites; probably the original dog was 
a wolf type, although the jackal has been advocated as an ancestor. 

During the Oligocene there appears to have begun a second line leading to 
living types which include the dhole of India {Cuon), the African hunting 
dog (Lycdon), and the Brazilian bush dog (Speothos); a diagnostic feature is 
that the heel of the lower carnassial is merely a ridge rather than a basin as 
in other living types. Otocyon, the “large-eared fox’’ of South Africa, is of un¬ 
certain pedigree. This genus is of interest in that the number of molar teeth 

4 

has secondarily increased so that there are often ^ molars—one of the few 
cases in which the primitive placental number of teeth has been exceeded. 



Fig. 283. — Pseudocynodictis, a small, primitive, Oligocene fissipede carnivore; original about 20 
inches long. (From Matthew.) 


There were a number of further lines of canid evolution which have failed 
to reach Recent times. One was a group of hyena-like dogs with peculiarly 
swollen foreheads, mainly American types of the Miocene and Pliocene 
(Borophagus, Osteohorus), In addition, there were several lines in which there 
was a tendency, in the Miocene particularly, for growth to considerable size 
and consequent ungainly form. Such canids are frequently termed “bear 
dogs.'' In the case of many genera, such as Daphoenodon (Fig. 284) and Am^ 
phicyon (which rivaled the bears in bulk), the term certainly is a misnomer, 
for, apart from size, there are few ursid features present; bears (and raccoons 
as well) are presumably descended from primitive canids, but not from this 
group. The build was heavy, the tail long and massive, the limbs short and 
powerful, the feet five-toed and rather spreading; unlike the bears, however, 
they were digitigrade types. The complete set of molars was retained and 
highly developed, while the shearing function of the carnassials was reduced. 
Obviously, these big forms were far from being pure carnivores. 
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Raccoons. —Fairly closely related to the canids are the Procyonidae 
(Figs. 275, H; 281), of which the raccoon, Procyon, is the type. This and most 
other members of the family are small, tree-living forms with semiplanti¬ 
grade feet and a full complement of toes. The procyonids have a mixed diet; 
and, while there are only two molars, these have a good grinding surface. 
The carnassials have lost their shearing function, and the upper one has de¬ 
veloped a hypocone. This obviously seems to be a reversion from the primi¬ 
tive carnivorous canid adaptations back toward an omnivorous diet. In other 
respects, however, the procyonids are seemingly merely a series of persistent¬ 
ly primitive relicts of the arboreal ancestors of the dogs. There are several 
other forms from Central and South America, such as the kinkajou and the 
coati, which are customarily included in the Procyonidae. A bit further from 



Fig. 284.— Daphoenmlon^ a Lower Miocene bear-dog; original about 5 feet long. (From Peterson.) 


the typical dogs is the true Asiatic panda, Ailurus, a somewhat larger terres¬ 
trial type with a better development of the grinding teeth. Ailuropus of 
Thibet is a still larger animal; this is the giant panda (frequently confused 
with the true panda), a large, bearlike creature with somewhat expanded 
molars. This form, however, is apparently not at all closely related to the 
true ursids, but simply an overgrown procyonid type. 

Phlaocyon (Fig. 275, H) of the Lower Miocene of North America is, per¬ 
haps, close to the ancestry of the raccoons. This animal was quite similar to 
the smaller dogs of the period except that the carnassial was losing its char¬ 
acter with the development of the hypocone. The procyonids appear to have 
been primarily a North American group. Fossils are, however, rare, a fact 
to be associated with their usual arboreal habits. Members of the family 
reached South America in the late Pliocene as the first invaders of that con¬ 
tinent from the north after its long Tertiary isolation. 

Bears. —^The bears, constituting the family Ursidae, are a further devel¬ 
opment of the arctoid “dog” group away from a carnivorous mode of life to a 
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mixed and mainly herbivorous diet. Their ancestors had lost the last molar 
before giving up flesh-eating; but, in compensation, the remaining molars are 
much elongated, with a wrinkled grinding surface. Here, as in the raccoons, 
the carnassial has lost much of its shearing character, but no hypocone has 
developed, and the protocone has migrated backward. All the digits are re¬ 
tained in the plantigrade feet. While in diet and certain structural features 
the bears show some similarity to the raccoons, they differ in other char¬ 
acters, such as, for example, their notably large size, their generally terres¬ 
trial habits, and (as a minor feature) the stub tail. Presumably their simi¬ 
larities are due merely to the descent of both groups from the primitive dog 
stock of the Oligocene. 

There are several distinct genera of modern bears. Ursus includes the large 
brown and grizzly bears; the black bears are sometimes separated as a dis¬ 
tinct genus, Euarctos. These two groups are fairly similar structurally to 
each other and to ThalarctoSy the polar bear. Certain forms from southern 
Asia, such as the Malay sun bear and the honey bear of India, are somewhat 
more distantly related; and the spectacled bear, Tremarctos, of South Ameri¬ 
ca, is a still wider departure from the common ursid type. Bears are not un¬ 
common in the Pleistocene of Eurasia and North America: in Europe, Ursus 
spelaeus, a giant race of the brown bear, was a cave dweller contemporary 
with early man, while in the Americas short-faced relatives of the spectacled 
bear were present in both continents (Tremarctotherium, Arctodusy etc. [Figs. 
275, K; 282, D]), It is agreed that the bears are of canid ancestry, but the 
exact line of descent is still subject to debate. The bears are the last of the 
arctoid families to appear; unquestioned ursids are unknown before the Plio¬ 
cene. Hyaenarctos (Fig. 275, J) of the Pliocene was a large animal, with 
molars, as in bears, somewhat expanded. It is often regarded as a primitive 
bear but may be merely a canid parallel to the true ursids. Hemicyon (Figs. 
275, 1; 282, C) is a late Miocene form of moderately large size which is dog¬ 
like in many respects; however, a significant feature is a backward migration 
of the protocone of the upper carnassial in bearlike fashion; this genus may 
well be a Miocene bear ancestor. 

Pinnipeds. —^A final subdivision of the order is that including the aquatic 
carnivores, the Pinnipedia. In the seals and walruses, in contrast with all 
other aquatic vertebrates, swimming is entirely accomplished by means of 
the limbs; in the seal ancestors, we may assume, the tail had been reduced, 
before aquatic habits evolved, to a slender, typically mammalian structure 
from which it was impossible to recreate a propulsive organ. The two hind 
legs in the seals have been turned backward to form a substitute for the tail, 
while the front legs are well-developed steering organs. In the limbs the up¬ 
per segments are short and lie inside the surface of the trunk. The hand and 
foot are long, although there is no increase in the number of phalanges. All 
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five toes are retained with webs of skin between them, the first digit often 
being quite strong and acting as a cutwater. Scaphoid, lunar, and centrale 
are fused in the hand, as in fissipedes (suggesting descent from that group). 
The dentition, for fish- or mollusk-eating, is regressive. The incisors tend to 
disappear, although the canines are usually well developed. The molars are 
usually reduced in number, but the premolars are preserved. There is no 
specialization of carnassials, and the cheek teeth form a uniform series of sim¬ 
ple structure. 

Most primitive in many ways are the eared seals (family Otariidae), in 
which group are included the fur seal and the sea lion. External ears are pres¬ 
ent, and the hind legs are still flexible enough to be brought around forward 
again from the swimming position for locomotion on land. The cheek teeth 
have but a single cusp and usually but a single root. The family goes back to 
Lower Miocene strata in which Allodesmus is a rather primitive type. Prac¬ 
tically all known fossils are from the shores of the Pacific, which thus appears 
to have been the ancestral home of the family. 

An offshoot of this group is Odobenns, the walrus of northern seas, placed 
in a distinct family. It appears to be structurally related to the eared seals 
but is larger and clumsier, earless, and with a dentition adapted to mollusk- 
eating. There are huge, rootless upper canines, but most of the other teeth 
are small and tend to drop out early, leaving a few heavy pegs of premolars 
for shell crushing. The oldest forms, such as Prorosmamsy of the Upper Mio¬ 
cene, were somewhat more primitive and closer to the eared seals. 

The Phocidae, earless seals, are the most abundant pinnipeds today. These 
forms are more completely adapted for water-living; the hind legs cannot 
be turned forward at all. In contrast with the eared seals, however, the cheek 
teeth are usually two-rooted and have accessory cusps. 

As with the two other types, the earless seals may be traced back to the 
Miocene. Beyond this date, however, our record of pinniped ancestry cannot 
be traced. It has been suggested that they have descended directly from Eo¬ 
cene creodonts. But a number of features suggest that they have been de¬ 
rived from primitive fissipedes, probably of the arctoid group. 

In this connection a most interesting specimen is that of Semantor from 
the Lower Pliocene of western Siberia. Only the posterior part of the body is 
present; this shows a basic seal-like structure, particularly comparable with 
that of the phocids. But the limbs are more primitive; Semantor apparently 
was a shore dweller, able to walk on land to a fair degree as well as swim. 
Further, a long, slim tail was still present. Although too late in time to be an 
actual ancestor of the pinnipeds, Semantor may be a persistent survivor of an 
ancestral group. In a number of respects this primitive seal exhibits otter¬ 
like characters. Perhaps the seals have descended, like the otters, from early 
mustelids. 
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U NDER the head of “ungulates/’ or hoofed mammals, may be ranged 
almost all the larger herbivorous members of the class. The name, 
however, is not entirely a distinctive one; for while typical forms, 
such as the horse and cow, have hoofs, there are included in the ungulate 
orders a number of animals with well-developed claws and even such types 
as the purely aquatic sea cows. Nor do the ungulates form a single natural 
group, for the hoofed condition has undoubtedly been attained independent¬ 
ly by various lines; and, strange as it may seem, a cow is, for example, prob¬ 
ably as closely related to a lion as to a horse. 

Despite the artificial nature of the assemblage, there are certain structural 
changes which have been generally undergone in the transformation of a 
primitive placental of whatsoever group into a large herbivore—changes 
having chiefly to do with dentition and the locomotor apparatus. 

Ungulate teeth. —The generalized dentition of primitive placentals was 
unfitted for a purely herbivorous diet; low-crowned, sharp-cusped molars are 
not suitable organs for undertaking the thorough mastication which leaves, 
grain, or grass must undergo before passing into the digestive tract; and the 
development of a large grinding area is an obvious necessity for a herbivore. 
The primitively triangular upper molars have tended to square up, usually 
by the development of a hypocone at the back, giving essentially a four- 
cusped tooth in which the two intermediate conules have played a varying 
role (Fig. 241, R, etc.). In the lower molars the paraconid has disappeared, 
and the heel is built up to give a type of tooth with the talonid and trigonid 
of equal height, each contributing two of the four principal cusps—^proto- 
conid, metaconid, hypoconid, and entoconid. 

The originally sharp tubercles generally softened down to low swellings, 
giving a bunodont condition found in many early ungulates (Fig. 2^0, A, B, 
etc.) and still present in an exaggerated form in the swine. Further changes 
have taken place in most groups. There may be an elongation of the individ¬ 
ual cusps into curved ridges, most characteristically seen in the selenodont 
(crescent-moon-shaped) pattern of many even-toed ungulates, such as cam¬ 
els, deer, and cattle (cf. Fig. 336, A, R, C, etc.). More common, however, has 
been the development of connections between adjacent cusps, forming varied 
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patterns of ridges (lophs) on the tooth. In a lophodont upper molar (Fig. 
243) three lophs are most common: (1) an ectoloph, forming the outer wall of 
the tooth, connecting paracone and metacone and often (if the styles exter¬ 
nal to the cusps develop) with a W-shaped contour; (2) a protoloph, includ¬ 
ing the protocone and protoconule; and (3) a metaloph, similarly formed 
from hypocone and metaconule. There are sometimes varied secondary con¬ 
nections of these crests, and in some cases additional spurs and ridges may 
develop. The cross-crests may develop but not the ectoloph (primitive pro¬ 
boscideans, etc.); conversely, only the ectoloph may develop, leaving iso¬ 
lated rounded cusps internally, a bunolophodont tooth (as in titanotheres, 
chalicotheres [Fig. 320, G, //]). In the lower teeth a common development 
has been the retention and emphasis of the two V’s of the original triangular 
pattern (Fig. 321). These ridges undergo various modifications; they may be¬ 
come crescentic in shape or develop into two hook-shaped ridges which may 
eventually become two cross-lophs very siniilar to those sometimes found 
in the upper teeth. 

Food-grinding, with the passage of one tooth across the surface of its op¬ 
ponent, implies considerable wear; this wear is greatly increased when an 
animal takes up highly abrasive silicious food, such as grass; further, in¬ 
creased size of the individual only squares the grinding surface available 
while cubing the amount of food required. It is not surprising, therefore, to 
find that, although many early types had low-crowned (brachyodont) molars, 
many ungulates develop a high-crowned, prism-shaped type of cheek tooth 
which will stand a very considerable amount of grinding before being worn 
down to the roots and exhausted. 

In this process of development of hypsodont teeth we find that the cement, 
originally confined to the roots of the teeth, plays a prominent part. If na¬ 
ture were to construct a high-crowned tooth merely by greatly elongating 
the original ridges and cusps, the product would be a series of thin parallel 
columns, easily broken and full of crannies. One alternative “solution” would 
seem to be that of enormously thickening the block of dentine above the root, 
leaving the cusps as superficial structures. This, however, is seldom seen ex¬ 
cept in some archaic and comparatively unsuccessful mammals. Instead, in a 
number of groups, there has been a development of the cement so that it com¬ 
pletely covers the tooth before eruption and fills all the interstices between 
the ridges. This results in a solid structure which, upon wear, exhibits all 
three tooth-forming substances on the crown—dentine in the center of t^e 
ridges, a hard enamel layer at their boundaries, and cement outside and fill¬ 
ing all vacant spaces (Fig. 287). 

Increased surface may also be attained by elongation of the row of grind¬ 
ing teeth. This may be accomplished by the increase in size of individual 
teeth, and in many cases (as in the horses) molars in later types are longer 
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than in earlier ones. But a more common process by which this end has been 
attained is by expanding the premolars (usually of comparatively small size 
to begin with) and adding them functionally to the molar grinding series. 
Independently in a large number of groups may be traced a progressive in¬ 
crease in the surface area of the premolars, and in some cases (horses, for ex¬ 
ample) all except the first of these teeth have become almost identical in struc¬ 
ture with the molars (cf. Fig. 320, A, B). 

The cropping of food is the function of the anterior portion of the dentition. 
For this duty the incisors are commonly retained, as in the horse. But the 
upper ones may be lost (as in the cow), the upper lip or a horny pad taking 
their place; and we find here and there various other specializations, such as 
the much enlarged, chisel-like incisors of South American ungulates. The 



Fig. 285. — LefU hind limbs of elephant, opposura, and horse, to show changes in limb proportions 
from a primitive condition {B) to (C) that of a fast-running ungulate with short femur and long meta- 
podials, and (^4) a graviportal type with a long femur and short broad foot. (Mainly after Gregory.) 

Fig. 286 — Upper rights astragali of Eocene ungulates: A, Heptodony a perissodactyl; B, PhenacoduSy 
a condylarth; C, Homacodoriy an artiodactyl. (.4, B after Osborn; C after Marsh.) 

Fig. 287.— Lotoer righty a worn upper molar of EquuSy to show the arrangement of the three tooth 
materials—enamel (unshaded)y dentine (hatched)y and cement (stippled). 


canines are often functionless and reduced or absent; and in most ungulate 
groups we find a gap, or diastema, developing between the front group of 
cropping teeth and the grinding series in the cheeks. 

The ungulates have always been the main source of food for the larger con¬ 
temporary flesh-eaters. In connection with defense, horns or hornlike struc¬ 
tures have developed in many groups. Sometimes (especially in early types) 
there may be large stabbing canines. In general, however, the best defense is 
flight; and rapid locomotion, both for escape from enemies and for migration 
from one feeding ground to another, is characteristic of ungulates. 
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Ungulate limbs. —^In the more typical ungulates the limbs are elongated 
and the limb bones usually slim. In fast-running forms the humerus and 
femur are relatively short, giving a speedy drive to the leg as a whole, while 
elongation of the second segment of the limb increases the scope of each 
stride. With this elongation there is often a tendency toward the reduction of 
the ulna and the fibula and the placing of the entire weight on radius or tibia. 
There is never, however, a complete loss of these bones, for they carry im¬ 
portant muscle attachments and articulations, and the ends are usually 
present but fused with the remaining bone. There is practically no capability 
of rotating the limb segments; motion tends to be restricted to a highly effi¬ 
cient fore-and-aft drive. Most ungulates have an alternating type of carpus 
(and tarsus)—one, that is, in which the connections between the elements 
and with the metapodials are so arranged that each functional toe helps sup¬ 
port at least two of the three proximal carpal elements. The astragalus (Fig. 
286) usually develops a rounded and deeply grooved upper surface, over 
which the tibia glides without danger of turning or twisting. 

The primitive placental was presumably more or less plantigrade. With 
faster locomotion, the metapodials (and thus the palm and sole) tend to be 
lifted off the ground, giving a digitigrade gait. With further development of 
speed the digits themselves are lifted, until the animal may touch the ground 
only with the tips of the toes—the unguligrade condition. With the result of 
attaining solid stance, hoofs are developed; the terminal phalanx of the toes 
broadens and is surrounded on the front and sides by a thick, nail-like modi¬ 
fication of the original claw, while a horny layer padded by elastic tissues 
protects the flat lower surface. 

With the lifting of the hand and foot into an unguligrade position, it is ob¬ 
vious that the shorter lateral toes would fail to reach the ground and would 
become nonfunctional. This was, in most groups, followed quite naturally 
by a reduction of these side toes and strengthening of the central ones. The 
hallux and pollex, which not only are short but originally diverged at an an¬ 
gle from the other toes, were the first to go. Beyond this stage reduction has 
taken place according to two schemes. In the majority of ungulates (as in the 
ancestors of the horses, for example) the third toe was the longest, and the 
axis of symmetry of the foot lies through this digit (mesaxonic). In such 
forms the fifth toe has usually been lost, giving a three-toed condition; and 
further emphasis of the central toe and reduction of lateral ones has led in 
the modern horses to the development of a one-toed form (Figs. 319, 328, 
329). In other ungulates, such as the ancestors of the cow and pig, the third 
and fourth toes were primitively equal in length, and the axis of symmetry 
passed between them (the paraxonic type). As in mesaxonic ungulates, pol¬ 
lex and hallux usually disappear, and many forms are found to be in a four¬ 
toed state. Frequently, howerer, the two central toes have enlarged, and the 
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lateral ones have dwindled or vanished, to leave a two-toed form; the cloven 
hoof of the cow or deer is, of course, really two appressed digits (Figs. 342, 
348, 350). 

Simultaneously with toe reduction, changes have usually occurred in the 
metapodials. In fast-running forms there has been a great lengthening of 
these elements, giving a third functional segment to the limb through which 
an additional upward and forward drive may be imparted to the body. With 
the reduction of the toes, metapodial reduction usually takes place as well. 
Splints of bone often represent the metapodials of lost digits, as in the horse; 
while, on the other hand, the metapodials may be incomplete, although small 
nonfunctional toes may remain as dew claws. In paraxonic forms the two 
main metapodials may fuse in advanced types into a single element—^the 
cannon bone. 

In typical ungulate running, the forward spring is given chiefly by the 
hind legs; the forelimbs bear the main impact on landing. The clavicle is 
usually absent, thus releasing the body from any solid connection with the 
front limbs and allowing the shock to be taken up by the clastic “give’’ of the 
muscles slinging the body between the shoulder blades. 

The heavy ungulates, such as the elephants, have a different locomotor 
“problem” somewhat comparable with that of the dinosaurs. In an animal 
of this sort—the graviportal type—^the limbs tend to be large straight col¬ 
umns, with the femur and humerus longer than the second segments (Fig. 
285, .4), giving a powerful, rather than a speedy, muscular action. There is 
little elongation of the metapodials, and all the digits tend to be retained to 
form a semicircular clump presumably inclosed, in fossil forms as in the liv¬ 
ing elephant, in a thick pad. The pelvis tends to be so shaped that the head of 
the femur lies beneath it rather than at the side, and the ilia are typically 
expanded laterally into broad wings in relation to the changed position of 
the noLUscIes. 

' tJngulate classification. —The term “ungulate” covers, as we have 
noted, a vast and varied assemblage. Most living forms are included in two 
orders—^the mesaxonic (odd-toed) perissodactyls and the paraxonic (even¬ 
toed) artiodactyls—which have flourished in the northern continents since 
the beginning of the Eocene, while the elephants, conies, and sea cows are 
surviving members of an ancient African group of subungulates. There are, 
in addition, a number of entirely extinct groups which will be treated in the 
present chapter. 

Ungulates are unknown in any Cretaceous deposits but presumably must 
have been developing from the primitive placental stock at the very begin¬ 
ning of the Tertiary; for, by the end of the Paleocene, four distinct types of 
archaic ungulates were already present. These include: (1) the Condylarthra, 
a Paleocene and Eocene order which includes a number of generalized and 
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primitive types and may be close to the ancestry of many later forms; (2) 
the Amblypoda, clumsy, archaic ungulates which had attained large size 
in the Paleocene but became extinct by Oligocene times; (3) the Dinocerata, 
a rather comparable group from the late Paleocene and Eocene; (4) the 
Notoungulata, rare and disappearing early in the northern regions but at¬ 
taining a striking development in the Cenozoic of South America. This last 
continent, owing to its isolation, formed an area in which still other archaic 




Fio. 289 .—Leftf skull of the condylarth, Phenacodus, length about 9 inches. (After Cope.) RigkU skull 
of Hyopsodm, length about 2| inches. (After Matthew.) 


groups survived through the Tertiary. These include: (5) the Astrapotheria, 
(6) the Litopterna, and (7) the Pyrotheria. 

Condylarths. —The order Condylarthra includes a number of Paleocene 
and Eocene ungulates of primitive character. Best known of the group is 
Phencwodus of the Lower Eocene of North America and Europe (Figs. 288; 
288; 290, Ay B; 291). This ungulate reached a size rather considerable for the 
times, the largest species attaining the dimensions of a tapir. Its general ap¬ 
pearance was that of a carnivore rather than an ungulate, for the tail was 
long and the limbs short and quite primitive in structure. The radius and 
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tibia were about the same length as humerus and femur, and ulna and fibula 
were unreduced. There was little elongation of the metapodials; and all five 
toes were present, although (in mesaxonic fashion) the third toe was some¬ 
what the longest and strongest. The carpus was serial in nature, each distal 
element lying directly beneath a proximal one, without the sharing of sup¬ 
port characteristic of the alternating type of ungulate carpus. The clavicle, 
however, had already disappeared; and one certain ungulate character was 
present in that there were obviously hoofs on the stumpy end-phalanges. 

The skull, again, was much like that of the creodonts—^long and low, with 
orbits open behind and with a sagittal crest in correlation with the very small 
brain. The dentition was complete, the canines were still large, and there was 
only a slight diastema. However, the cheek teeth were already partially 



Fig. 290. —The cheek teeth of condylarths: right upper and left lower cheek teeth of the con- 

dylarth PkenacoduSt Xi approx.; C, D, same of HyopsoJus, approx.; right upper teeth of Menisco- 
therium, X S approx.; F, right upper teeth of Didolodus, a South American condylarth probably related to 
litoptern ancestry; 0, TI, right upper and lower left cheek teeth of Periptychvs, Xl approx. (A-R, fJ, H 
after Matthew; F after Ameghino.) 

adapted for a herbivorous, rather than a flesh-eating, mode of life. The 
molars were in the bunodont stage. Six cusps were present above and below, 
for a hypocone had already developed in the upper molars, while the para- 
conid was still present in the lower teeth. The premolars were still compara¬ 
tively simple; the last lower one had attained a molar-like appearance, but 
none of the upper ones had passed beyond a tritubercular stage. 

This interesting form was once believed by some to be the ancestor of the 
later ungulates, particularly the perissodactyls. But it is rather late in oc¬ 
currence and much too large to occupy such an ancestral position, and some 
of its characters (as the serial carpus) are not those expected in an ancestor 
of the later groups. In the Paleocene of North America occurs Tetraclaerwdon, 
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which appears to have been a direct ancestor of Phenacodus. In this some¬ 
what smaller form the dentition was more primitive in nature, and the feet 
were apparently terminated by rather broad claws instead of hoofs. Ectocion, 
of the late Paleocene and Lower Eocene, had teeth of a type similar to those 
of perissodactyls, although not itself an ancestor of the odd-toed forms. 

Very diflFerent in many respects was Hyopsodus (Figs. 289; 290, ( 7 , D), a 
form about the size of a hedgehog which was common throughout the Eocene 
of North America. In skull and dentition Hyopsodus was rather primitive 
and not unlike certain insectivores or lemurs. There was no diastema; but 
the canine was reduced, and the teeth were of uniform height, while the 
molars were of the bunodont type of many primitive ungulates. Primitive, 
again, were the clawed phalanges and the short and 
spreading feet; it is not improbable that Hyopsodus 
was a semiarboreal type. Despite these facts, it is to 
be regarded as a condylarth rather than as an insecti- 
vore or primate, with which groups some would place 
it. Mioclaenus and its Paleocene relatives are mainly 
known from cheek teeth which are quite sharp cusped 
and similar to those of early creodonts. 

Little Meniscotherium (Fig. 290, E), of the late 
Paleocene and Lower Eocene of North America, rep- 

Fig. 291.—Manus and resents still another type of condylarth, with a 
pes of Phenacodus, a Lower peculiar Combination of characters. The molars were 
C^T advanced in structure, with a selenodont pattern. 

The limbs were short and stout, as in Phenacodus; 
but the feet (as in Hyopsodus) appear to have had clawlike structures rather 
than hoofs. The relationships of this odd form are none too clear. A connec¬ 
tion with the Old World conies or some South American ungulates has been 
suggested. 

Periptyckus and a number of North American Paleocene allies form a fam¬ 
ily of archaic ungulates of uncertain ordinal position. Periptyckus was nearly 
as large as Phenojcodus, although occurring much earlier (in the Lower and 
Middle Paleocene), and, except for rather shorter limbs, would have had 
perhaps much the same general appearance in skull and skeleton. The pre¬ 
molars, however, were much enlarged, with heavy principal cusps, and in the 
molars extra cusps were added to the primitive pattern both above and below 
(Fig. 290, G, H). Smaller members of the family were also present. 

It has long been suspected that the condylarths were ancestral to the 
litopterns of South America (discussed later in this chapter). Tending strong¬ 
ly to conj^m this conclusion is the identification as condylarths of Didohdus 
(Fig. 290, F) and a number of other ungulate genera in the late Paleocene 
and Eocene of that continent. This is, to date, the only find of any char- 
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acteristic northern group of placentals in the early Tertiary of South 
America. 

It is obvious that in the condylarths we are dealing with a group of very 
primitive ungulates. In all of them, the teeth were distinctly adapted for a 
herbivorous diet, but their low-crowned and generally bunodont condition 
shows them to have been very primitive herbivores indeed. In the postcranial 
skeleton Phenacodus alone appears to have possessed true hoofs, but even in 
that form there were few other ungulate characteristics. It is not improbable 
that the more primitive condylarths (although not Phenacodus) were quite 
close to the stem of many of the later ungulate groups, but our present 
knojvJedge permits of no definite statement. 

<::^^mblypods.—A second group of archaic hoofed mammals which ap¬ 
peared in the Paleocene is that of the amblypods, earliest of ungulates to 



Fiq. 292.—.4, ParUolambda bathmodon^ a Paleocene amblypod, skull about 6 inches long; B, Uinta- 
theriunit an Upper Flocene nieral)er of the Dinocerata, skull about 2| feet in length. (A after Osborn; B 
after Marsh.) 


achieve large size. Pantolamhda (Figs. 292, 293, 294) of the Middle and Up¬ 
per Paleocene was the first of the order to appear. This was an animal about 
the size of a sheep, which, with its short limbs and short, broad feet, already 
merited the ‘^slow-footed’’ name applied to the group, although the structure 
was as yet relatively primitive. The cheek teeth are of a simple pattern, the 
triangular upper molars with V-shaped cusps, the canines moderately large. 

In the late Paleocene and Lower Eocene the amblypods had increased 
greatly in size and had diversified to becpme a dominant group of large and 
ungainly ungulates. In the late Paleocene, Sparactolambda and Barylambda 
are well-known American genera. The former had grown to dimensions about 
two and a half times those of Pantolamhda, with greatly developed canines 
and clawed rather than hoofed feet. This quite un-ungulate feature we shall 
see developed in other later groups of “hoofed” mammals and here, as else¬ 
where, it is believed to have been associated with root-eating. Barylambda 
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was about 8 feet in length, with a short but high body, heavy limbs and tail, 
and a small skull, in which the canines were not particularly prominent. 

In the Lower Eocene, Coryphodon (Figs. 293, 295) ranged widely from 
North America to Europe. This form was about the size of Barylambda but 
quite different in many respects, such as the rather longer body and the long, 



Fig. 293.— Lefi^ right upper cheek teeth of amblypods and uintatheres. A, Pantolambda» about f 
natural size; F, Coryphodon, about ^ natural size; C, Uiniatherium, about fV natural size. Upper right, 
D, left lower cheek teeth of Coryphodon, about i natural size; E, same of Uiniatherium, about natural 
size. (Mainly after Osborn.) Lower right, right upper molars of amblypods and uintatheres. A, the Pale- 
ocene Pantohmbda; B, the Lower Eocene Coryphodon; C, the late Eocene Uintatkerium. In Pantolamhda 
the tooth is of a simple tritubercular pattern. The homologies in Fand Care disputed; the interpreta¬ 
tion here adopted is that of Simpson. For abbreviations see Figures 241, 322. 



Fio. 294.— A, B, Manus and pes of the Paleocene Paniolambda; C, D, Uiniatherium of the Upper 
Eocene. {A, B after Osborn; C, D after Marsh.) 

slender tail. The skull was large, with a broad muzzle, broad arches, and a 
flaring occipital region. The canines were large and the upper molars pe¬ 
culiarly developed. Paracone and metacone form a diagonal posterior crest, 
and the protocone develops into a parallel ridge anterior to this. 

This is the last appearance of amblypods in North America, but in Asia 
genera fairly close to Coryphodon survived into the late Eocene and Oligo- 
cene. 
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V tfintatheres. —Still more grotesque than the amblypods were the uinta- 
theres. These flourished especially in the later part of the Eocene of North 
America in such genera as Uintatherium (Figs. 292, 293, 294), which was as 
large as a modern African rhinoceros and was the giant of his day. In their 
ponderous build, short limbs and feet, and other weight-carrying adaptations, 
the uintatheres are similar to the amblypods and were once thought to be¬ 
long to that group. There is, however, no evidence of relationship apart from 
these adaptive features, and the uintatheres are now considered to form a 
separate order, the Dinocerata. As the name implies, the characteristic gen¬ 
era have developed pairs of hornlike bony swellings above the long, low 



Fiq. 295.— Coryphodon, a large Lower Eocene aniblypod. Original about 8 feet long. (From Osborn.) 


skull on nasals, maxillae, and parietals; and powerful upi)er canines were 
presumably additional weapons of defense in the males. The upper incisors 
were usually absent, the lower ones small. The upper molars were of peculiar 
construction, with two crests, converging internally, occupying most of the 
surface of the tooth. It is believed that one ridge is formed by protoconule 
and paracone, the other by protocone and metacone. This structure has no 
parallel in the true amblypods (or elsewhere) and indicates a long separate 
line of descent of the ungainly uintatheres from a primitive ungulate stock. 
Outside of North America, uintatheres are unknown except for Gohiatherium 
of the Asiatic Upper Eocene—a form with a very long, low skull which lacks 
the large upper canines of the American forms and has no horns except pos¬ 
sibly some small nasal structures. 

The oldest uintatheres are from the late Paleocene; forms of that age were 
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somewhat more primitive in structure but, nevertheless, rather large and 
highly specialized animals. They are not represented in earlier American 
Paleocene deposits, and their origins are hence unknown. 

V South American ungulates.—The archaic ungulate groups so far con¬ 
sidered were short-lived; by the Eocene, or Oligocene at the latest, they had 
disappeared in the Northern Hemisphere in the face of competition from 
more progressive ungulates and the presence of numerous enemies among the 
placental carnivores. For archaic types, however, South America offered a 
haven of refuge. 

That South America was cut off from the other continents at a very early 
Tertiary date seems to be indicated by the fact that but few placental mam¬ 
mals appear to have been present at the time of severance of continental 
connections. In the Eocene deposits of that continent have been found (in 
addition to the marsupials previously discussed) only a few edentates and a 
number of primitive ungulates of types almost unknown in other regions of 
the world. 

In the isolation of South America, free from the depredations of the true 
carnivores and free from the competition of other hoofed mammals, these 
ungulates developed into an amazing variety of forms. In proportions they 
ranged from the size of a rat to that of an elephant. Some simulated the ro¬ 
dents in appearance and habits; others were analogous to the hippopotamus 
and the rhinoceros; still others were remarkably similar to horses and ele¬ 
phants in structure. These types were extremely interesting and often bizarre. 
But our consideration of them is hampered by the fact that, in the absence 
of existing representatives, we lack both popular names and that mental pic¬ 
ture of the living form which in most cases furnishes us with a good starting- 
point for the discussion of mammalian gi’oups. 

These ungulate groups reached the climax of their development in the 
Oligocene and Miocene; with the Pliocene and Pleistocene came the advent 
of the carnivores, to which they probably fell an easy prey, and of higher un¬ 
gulate types, with which they could not successfully compete for pasturage. 
By the end of the Pleistocene this once extremely numerous assemblage had 
vanished entirely. 

It has proved difficult to establish the age of the beds in which these South 
American forms are found, since they differ in their mammalian fauna so 
greatly from those in other parts of the world. By some early workers these 
deposits were supposed to be considerably earlier in date than is now be¬ 
lieved to be the case. In consequence of that belief, it seemed that forms 
which simulated the horses, elephants, and various other groups appeared 
in that continent considerably earlier than did these types themselves in 
other regions. Mistaking these parallelisms for real relationships, a patriotic 
Argentinian, to whom we owe much of our knowledge of these forms, laid 
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claim to the origin of many mammalian groups for South America, a view¬ 
point which is frequently reflected in the names given to the various genera 
and grcuips. 

vMbtoungulates. —By far the greater number of forms from South Amer- 
'ica are included in the order Notoungulata. The members of this group 
varied much in size and adaptive featimes, but many general structural simi¬ 
larities run through the various subdivisions of the order. The skull was typi¬ 
cally rather short, flattened above, with a broad braincase and forehead, the 
nasals broad, the nostrils usually terminal. The zygomatic arches were broad 
and heavy, and there was never a postorbital bar. In all notoungulates there 
are peculiar features of the auditory region not found in any other order. 
Relatively few notoungulates show any reduction in the dentition or the de¬ 
velopment of a diastema; and while there were often strong chisel-like in¬ 
cisors, the rest of the teeth formed a series in which there was often a gradual 
transition from the small canine to the molars. Primitively brachyodont, the 
cheek teeth (Fig. 300) in many lines tended to become high prisms, often 
with persistently growing roots. Even in the earliest forms there was seldom 
any trace of the bunodont stage through which the ancestral forms presum¬ 
ably passed, and lophodont types of teeth were rapidly developed. The upper 
molars were lophodont, primitively triangular but coming to resemble super¬ 
ficially those of a rhinoceros, with a straight ectoloph, a long protoloph run¬ 
ning back from this at an angle, and a metaloph perpendicular to the end of 
the ectoloph. A characteristic and even diagnostic notoungulate tendency 
is that toward the development of accessory cusps in the central valley of 
the upper molars. These may form secondary ridges or cause the tooth, on 
wear, to have a pattern of nearly continuous dentine with but a few notches 
or hollows lined with enamel. In the lower molars there was considerable re¬ 
semblance to the perissodactyls in the development of two typically cres¬ 
centic ridges; the front one was usually much the smaller. The most charac¬ 
teristic feature of the notoungulate dentition is the fact that the entoconid 
primitively lay isolated inside the curve of the posterior crescent (Fig. 301). 

Although there is great variation, the feet were essentially mesaxonic in 
structure in a majority of cases, the number of toes tending to reduce from 
five to three. But there was never any great acquisition of true ungulate char¬ 
acters in the feet and never an attainment of the unguligrade position. A 
number of types appear to have had hoofs, but claws were present in many 
casi^s; the feet in general rather resembled those of rodents or the hyrax. 
I Ancestral notoungulates: the Notioprogonia. —With two excep¬ 
tions, notoungulates are unknown beyond the boundaries of South America. 
These exceptions, however, are among the oldest records of the group. A sin¬ 
gle tiny jaw records the presence of a notoungulate, Arctostylops (Fig. 301), 
in the Lower Eocene of North America. Still more curious is the fact that in 



394 


VERTEBRATE PALEONTOLOGY 


the late Paleocene of Asia the commonest animal so far discovered is a noto- 
ungulate, Palaeostylops, These discoveries suggest an Old World origin for 
the notoungulates and a long migration trail to South America. They do not 
prove this point, however; they merely indicate that notoungulates were 
widespread at an early stage of the Tertiary. It is further possible, although 
equally unproved, that the notoungulates developed in South America and 
that these records represent an early and unsuccessful invasion of other 
areas from a southern base. 

Small archaic notoungulates, such as Notostylops, related to these forms, 
are the commonest of Eocene types. Except for reduction of the anterior 
teeth in some instances, they show no marked specializations of any sort. The 



Fig. 296 .—Tkomashuxleyaf a primitive Eocene notoungulate, about 5 feet long. (From Simpson.) 


molars show a simple pattern. Except for a single diagonal accessory ridge 
in some forms (c/. Fig. 300, (7), the upper molars are still essentially tri¬ 
angular lophodont types, with protoloph and metaloph connected medially. 
These early forms may well be regarded as members of a basal suborder, 
the Notioprogonia, ancestral to the remaining notoungulate groups. 

The skeleton is imperfectly known in these primitive forms; however, 
Thomashuxleya (Fig. 296), while technically ranged in one of the more ad¬ 
vanced groups of notoungulates, is an Eocene genus which shows a general 
structure apparently primitive for the order and retained in many of the less 
specialized later types. The build is that of a rather slow-moving, and essen¬ 
tially digitigrade type, analogous to that of the amblypods and Dinocerata 
ofpefTthern continents. 

oxodonfs. —The largest and most conspicuous of later notoungulates 
are the toxodonts. Typical toxodonts were present in the Oligocene, flour¬ 
ished greatly in the Miocene, and survived into Pleistocene times; the later 
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genera were large, heavily built forms. Among the ungulate features of the 
skeleton may be mentioned the presence of but three hoofed toes on each 
foot and the absence of the clavicle (retained in some other notoungulates, 
however). But the ulna and fibula were always complete and heavy, although 
the latter sometimes fused with the tibia. 

The teeth remained in a nearly closed row, seldom developing a diastema; 
and there was little loss except that the canines were weak or absent. The 
incisors were often expanded into chisel-like cropping structures, while the 
primitively low-crowned molars tended to become high crowned and root¬ 
less and sometimes were covered by a cement sheath. The upper molars 



Fig. 297.— Homalodotherium, a Miocene entylonychian notoungulate, about 6 feet in length. (From 
Scott.) 


curved in strongly toward each other, a feature to which the term “toxodont” 
(bow-tooth) refers; in surface view they are characteristically triangular, 
ectoloph and protoloph meeting at an acute angle (Fig. 300, A). 

Toxodon (Fig. 302) of the Pliocene and Pleistocene is the largest and one 
of the latest members of the group and is built like a short-legged rhinoceros. 
The dorsal position of the nasal opening suggests the presence of a large 
snout; the general appearance may have been that of a gigantic guinea pig. 
A diastema, absent in earlier types, had developed in the dentition. Toxodon 
appears to have been the commonest large ungulate of the South American 
Pleistocene. The Miocene Neaodon (Figs. 298, C; 299, J?, D; 300, A) was a 
smaller and more slimly built toxodont the size of a tapir. The dentition was 
comparatively primitive, for the tooth row was a closed one, although the 
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intermediate teeth (canines and anterior premolars) were small, and the 
molars finally became rooted late in life. Adinotherium was another Miocene 
form of still smaller size, with a small horn on the frontal bones. Ancestral 
toxodonts, such as Proadinotherium (Fig. 300, G, ff), are present in the 




Fio. 298.—Skulls of South American ungulates. A, Homalodotkerium (Miocene), an entylonychian, 
skull length about 15 inches; B, Protypotherium (Miocene), a typothere, skull length about 4 inches; 
C, Nesodon (Miocene), a toxodont, skull length about 16 inches; A Aairapotherium (Miocene), skull 
length about 27 inches; E, Notoatylopa, a primitive Eocene notoungulate (Notioprogonia), skull length 
about 6 inches; F, Hegetotherium (Miocene), skull length about inches. (A, C, D after Scott; B, F 
after Sinclair; E after Simpson.) 


Oligocene and others, small and primitive in character, in the Eocene and 
even the Paleocene (Fig. 300, JE, F). 

The Oligocene Leontinia represents a family rather doubtfully allied to 
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the toxodonts; the facial region was very short, and a high position of the 
nostril opening suggests the presence of an expanded muzzle or proboscis of 
some sort. 

Notohippus and its Eocene and Oligocene relatives are a poorly known, 
early side branch of the toxodonts. The complex teeth had some superficial 



Fig. 299. —Feet of notoungulates. Manus of Homalodotherium^ a Miocene entylonychian; manus 
of NesodoUt a Miocene toxodont; C, manus of Protypotherium, a Miocene typothere; P, pes of Nesodon; 
Et pes of Protypothcrivm. (A^ B, O after Scott; C, E after Sinclair.) 



Fig. 300 —Teeth of notoungulates. A^ Upper right, and B, lower left, tooth rows of the Miocene toxo¬ 
dont Nesodon (XI); C, upper right, and D, lower left, molars of Pleurostylodon, a primitive Eocene 
entylonychian (XI); E, F, same of Oldfieldthomadat a primitive Eocene toxodont (X3); G, //, same of 
Proadinotheriumt an Oligocene toxodont (Xi). Abbreviations, upper molar: hy, hypocone; wicZ, meta- 
conule; me, metacone; pa, paracone; pel, protoconulc; pr, protocone. Lower molar: end, entoconid; 
hyd, hypoconid; med, metaconid; prd, protoconid. {A, B after Scott; C-F after Schlosser; G, ll after 
Loomis.) 

resemblances to those of horses, and it was once claimed that they were mem¬ 
bers of the Equidae; they were, however, true notoungulates. 

Entylonychlans. — Homdlodoiherium (Figs. ^97; ^98, A; 299, A) of the 
Miocene is a last survivor of a group of notoungulates which are present from 
Paleocene times on and are frequently regarded as constituting a separate 
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suborder, the Entylonychia. The skull, which reached about 2 feet in length, 
was broad and flat with heavy arches; the nasal opening was farther back on 
the top of the skull than would primitively have been the case, suggesting a 
tapir-like snout. The teeth were comparatively primitive for the order, with 
rather high crowns but closed roots and a very gradual transition in shape 
from incisors to molars. The molars had a very simple, rather rhinoceros-like 
pattern, with three main lophs above and two crescents (the front one short) 
below. As is usually the case in the notoungulates, the pattern tended to be¬ 
come obscure with wear; and in the lower teeth the entoconid, an isolated 
cusp in primitive notoungulates, is here, as often, merged into the outer 
crescent. 

The limbs of this large end-form were of an odd type. Five toes were pres¬ 
ent on each foot and terminated not in hoofs but in blunt heavy claws. The 
hind feet were short and plantigrade, but the front legs were long and power¬ 
ful. This suggests that Homalodotherium 
was a large root-digger, analogous to the 
chalicotheres of the Northern Hemisphere. 
L Typotheres. —The suborder Typotheria 
includes a series of forms which parallel 
the larger rodents to a considerable degree. 

„ of the Pliocene and Pleistocene 

Fig. 301. —Fragment of lower jaw of i ri i r • 

Arctostylops, only known notoungulate was as large as a black bear, cyanines and 

from North America, left ps-wia, showing premolars Were reduced; the only teeth in 
the characteristic development of the front of the mouth Were incisorS, 

entoconid («), crown and lateral views. , 1.11 .1 • 

(AfterMatthew.) above and two below, the major pair 

being broad chisels which grow through¬ 
out life; the remaining cheek teeth were hypsodont and rootless. The post- 
cranial skeleton was persistently primitive, the foot five-toed, with narrow 
terminal phalanges. Protypotherium (Figs. 298, B; 299, C, E; 303) of the Mi¬ 
ocene was a more primitive type, with a complete tooth row and normal 
incisors. Primitive typotheres are known in the oldest Tertiary deposits 
of South America. 

Another rodent-like group is that of the hegetotheres (Fig. 298, F) present 
from the Eocene to the Pliocene; these forms are often grouped with the typo¬ 
theres but may merit a separate suborder. Typical Miocene forms were Pachy- 
rukhos and Hegetotherium. The former was remarkably small for a Miocene 
notoungulate. It was about the size of a rabbit and further resembled that 
animal in its stub tail and long hind legs. Its teeth show rodent-like adapta¬ 
tions similar to those seen in Typotherium. One cannot but believe that the 
mode of life of Pachyrukhos must have been similar to the rabbits and hares 
of northern continents. Hegetotherium was a larger and more heavily built 
form, more primitive in the retention (in a reduced stage) of the teeth lost 
in Pachyrukhos, 
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Noioungulate history. —The history of the notoungulates is indeed a 
remarkable one. Their presence in the Paleocene of Asia suggests that they 
must have been one of the very earliest groups to split off from the basic pla¬ 
cental stock. Seemingly they constituted a first wave of ungulate develop- 



Fig. 302.— Toxodon, a large Pleistocene South American notoungulate, about 9 feet in length. (Frcm 
Lydekker.) 



Fig. 303. — Protypotherium, a typotherian notoungulate from the Miocene of South America, about 20 
inches in length. (After Sinclair.) 


ment, possibly even older and more primitive than the archaic condylarths 
and amblypods already considered. Their almost utter absence from the Eo¬ 
cene deposits of the Northern Hemisphere suggests that they were unable to 
withstand the competition of even those archaic groups, to say nothing of 
that of the more modernized perissodactyls and artiodactyls. 
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But to their early development is due their fortunate inclusion among the 
few plaoental groups which had reached South America before the isolation 
of the continent in earliest Eocene times. For more than half of the Tertiary 
they flourished there in the comparative absence of herbivore competition or 
carnivore menace. The peak of their development was reached in the Oligo- 
cene and Miocene, when a great many of the notoungulates flourished in 
Patagonia and presumably in other regions as well. But after this time dis¬ 
solution set in. In the Pliocene many types of these ungulates disappeared. 
The irruption into the continent in the Pleistocene of the saber-tooths and 
other carnivores and of competing ungulates of northern types may have 
caused havoc among the reduced notoungulate stocks. Today not a single 



Fio. 304.— Astrapntherium, an Oligocene South American ungulate about 9 feet in length. (From 
Riggs.) 


form survives to give us any conception of the appearance, life, or habits of 
the notoungulates. 

Astrapotheres. —Astrapotherium and its relatives of the Oligocene and 
Miocene of South America are members of a small group once thought to be a 
component of the notoungulates but now considered a separate order, the 
Astrapotheria. Astrapotherium (Figs. 298, Z), 304) was a large form, about 9 
feet or so in length, remarkably specialized in every regard. The skull looks 
as if it had been amputated anteriorly, for the upper incisors had been lost 
and the premaxilla reduced to a nubbin between the huge, curved, and per¬ 
sistently growing canines. The lower incisors were present, however, while 
the lower canines were also large. Following a marked diastema were vestig¬ 
ial posterior premolars and large molars, the last two of enormous size. The 
slitlike nasal opening was placed on the upper surface of the skull and was 
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only partially roofed by the short nasals. The presence of large air sinuses in 
the frontal bones gave the forehead a swollen, domelike appearance. 

The situation of the nostrils renders it probable that an elephant-like 
proboscis was present; the well-developed lower incisors indicate the pres¬ 
ence of a tough upper lip to form a cowlike cropping mechanism. What pe¬ 
culiar habits were responsible for the presence of the great canines of this re¬ 
markable animal is not at all clear. 

Equally puzzling is the postcranial skeleton. The anterior part of the 
trunk and front legs are rather stoutly built; the hind quarters and legs seem 
pitifully feeble, and the incompletely known feet defy comparison with those 
of any other group. All in all, the creature’s mode of life is beyond reasonable 
conjecture, although amphibious habits have been hopefully suggested. 

Albertogaudrya of the Eocene was a somewhat more primitive genus with¬ 
out the huge molars of later forms, but the development of the canines was 
already under way. This astrapothere was tending to gigantism; already of 
tapir size, Albertogaudrya was the largest member of the South American Eo¬ 
cene assemblage, and an Oligocene form was even larger than Astrapotherium 
itself. In the Paleocene and Eocene are found various small forms, such as 
TrigonostylopSy which may also belong to the Astrapotheria. Possibly the 
astrapotheres have come from some primitive notoungulate type; but this 
is uncertain, and they may have arisen independently from some other 
archaic ungulate group. 

The litopterns. —Still another group peculiar to South America is the 
order Litopterna. This stock never developed into the multiplicity of types 
found in the notoungulates but was more orthodoxly ungulate in character. 
Hoofs were always present, and toe reduction took place on the mesaxonic 
plan with the development of three-toed types and even a one-toed horselike 
form. Except for occasional reductions in the incisors, a complete dentition 
and a closed tooth row were usual features in the order. The cheek teeth were 
usually low crowned but lophodont, with six-cusped upper molars in which 
the protocone was large and rather centrally placed. In contrast to the noto¬ 
ungulates the later types built up a postorbital bar. 

It is highly probable that the litopterns are condylarth derivatives and in 
a sense to be regarded as a continuation of that group. We have here classed 
as condylarths Didolodus and its relatives of the Eocene of South America. 
These types were once regarded as litopterns and exemplify the lack of sharp 
demarcation between the two orders. Condylarth descent may explain, as 
parallelism, the resemblances between htopterns and perissodactyls, for the 
latter group is generally believed to have been derived from condylarth an¬ 
cestors as well. 

Two families were already distinguishable among the earliest litopterns. 
One, the proterotheres, developed into horselike types. Diadiaphorus, of the 
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Miocene (Figs. 305, 307), was a three-toed form; but in the contemporary 
genus Thoatherium (Figs. 305, 307) we have an ungulate, about the size of 
MesohippuSy which seems more horselike than any true horse, for it was sin¬ 



gle toed with splints more reduced than those of 
modern equids. This pseudohorse was, however, 
comparatively unprogressive in other respects, 
for the cheek teeth were low crowned and the 
carpus was poorly adapted for monodactyl run¬ 
ning. Parallel to the typotheres was the develop¬ 
ment of chisel-like incisors (one above and two 
below); these teeth, however, are more normally 
developed in other members of the family. This 
one-toed proterothere became extinct in the 
Miocene, and only some of the more conserva¬ 
tive three-toed types lingered on into Pliocene 


Fig. 805. —^The pes of litopterns. times. 


At Macrauchenia; F, Diadiaphorus; 
C, Thoaiherium. (After Scott.) 


Macrauchenia (Figs. 305, 307) of the Pliocene 
and Pleistocene was the last surviving mem¬ 


ber of the order and the most highly developed of a second group of 


litopterns. The limbs and neck were elongated, and three functional toes 



Fig. 306. —^The skeleton of TheosodoUt a Miocene litoptern; length of original about 6 feet. (After 
Scott.) 

persisted. The skull was peculiarly constructed. There was a very long 
snout which accommodated a well-developed battery of cheek teeth, high 
crowned, in contrast to other litopterns. The nasal opening was very far 



Fia. 307.—Litopterns. A, Tkoatherium^ skull length about 7 inches; B, C, Macrauchenia, dorsal and 
lateral views, skull length about 18 inches. Lower right, right upper and left lower teeth of Diudiaphorus 
(XI approx.). (A after Scott; B, C after Burraeister; teeth after Ameghino.) 


er with nostrils dorsally situated for breathing in the water. This form was 
about the size of a camel and with camel-like proportions. Older and smaller 
members of this series, such as 

Theosodon (Fig. 306) of the Miocene, n 

were more slenderly built and had 

lower-crowned teeth and rather "HiK 

longer nasal bones. 

Pyrotheres. —Pyrotherium (Fig. f y " 

308), of the Oligocene of Patagonia, j : '.f 

is a member of a small, short-lived, \ _ 

and isolated group, the order Pyro- 
theria, which completes the roster 

of the South American ungulates. ^^iiiiiiiiiiiirrffiTr” 

I his beast not only had grown at par«lkUng the proboscideans, 

that early time in the Tertiary to There is a tusklike development of the incisors, 
the size of an elephant but anatom- the nostrils (n) are situated above the orbits, 

icallv had naralleled the nrohos- suggesting development of a proboscis. Skull length 

icaiiy naa paraiieiea tne prooos ^ Gaudry.) 

cideans to a very remarkable de¬ 
gree. The dorsal nasal openings indicate the presence of a proboscis; the facial 
region was turned upward (rather than downward) on the cranial axis. 
Above the broad zygomatic arches lay small orbits, behind which no post- 


Fig. 308. —The skull of Pyrotherium, a South 
American ungulate paralleling the proboscideans. 
There is a tusklike development of the incisors, 
and the nostrils (n) are situated above the orbits, 
suggesting development of a proboscis. Skull length 
about 2 feet. (After Ix>omis and Gaudry.) 
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orbital bar had developed. A heavy transverse crest lay along the top of the 
occiput for the attachment of strong neck muscles necessary to support the 
heavy head. 

The dentition was strikingly like that of the early proboscideans. Chisel¬ 
like tusks were developing out of the incisors, of which but two were retained 
above (the lateral one large) and one below. Behind a long diastema lay the 
cheek teeth, six above and five below. As in the earliest proboscideans, these 
low-crowned teeth were each composed of two cross-crests. 

The many similarities in body, skull, and dentition all suggest that Pyro- 
therium was really related to the proboscideans, then developing to the east 
in Africa. But these resemblances are probably merely a case of exceedingly 
close parallelism, for the group apparently had arisen in South America. 
Smaller and more primitive types have been discovered in Eocene rocks of 
that continent. The dentition of these earlier forms shows, as might have 
been expected, that the cross-lophed teeth of Pyrotherium had been derived 
(as in elephants) from a bunodont type. But beyond this fact we have no 
clue as to the origins of the pyrotheres, although obviously they come from 
some early ungulate stock. 

With the pyrotheres we conclude our survey of the native ungulates of 
South America. These forms owed their successful Tertiary career to their 
comparative freedom from competing ungulate types and from carnivores, 
for the advent of these latter forms is unmistakably associated with the dis¬ 
appearance of notoungulates and litopterns. A curious fact, however, is that, 
despite the disappearance of the native types, few northern ungulates have 
installed themselves in their places. Mastodons, mammoths, and horses all 
reached South America but failed to survive. Only the llama group, the pec¬ 
cary, the tapir, and a few deer still exist there. South America is a continent 
almost devoid of ungulates. 



CHAPTER 21 


SUBUNGULATES 


O FTEN grouped as subungulates are several types of animals which 
\ at first sight appear to be unrelated. These include: (1) the hyraces 
or conies, small Old World hoofed mammals, rodent-like in ap¬ 
pearance and habits; (2) Arsinoitherium, a huge horned fossil mammal from 
Egypt; (3) the proboscideans—^the elephants and their extinct relatives; (4) 
the sirenians, or sea cows. It appears incongruous to place together a seeming 
jumble of land and sea forms, large and small types, but early representa¬ 
tives of these varied groups show fimdamental similarities which strongly 
suggest a common origin; and the fact that the earliest fossil forms are found 
in Africa suggests that that continent was their common ancestral home. 

Because of the great diversity in adaptations which these forms have un¬ 
dergone, it is difficult to find many distinguishing features which hold true 
of all subungulates. There is usually a greatly enlarged pair of incisors in 
either jaw, while other front teeth are often reduced; the grinding teeth 
tend to develop cross-lophs, the premolars become molarized. There is never 
a clavicle. Usually the land types retain most or all of the digits, with a mes- 
axonic symmetry, while the primitive claws have developed into structures 
more like nails than hoofs. 

By many these groups are included in an order (or superorder) Subungu- 
lata. We shall treat of them as a number of distinct orders, recognizing, how¬ 
ever, their close relationship. 

Conies. —^Most primitive of subungulates in many respects are the Hyra- 
coidea, represented today in Africa and Syria by Hyrax [Procavia] and re¬ 
lated small forms, the conies of the Scriptures. They resemble the rabbits 
not only in size, general appearance, and habits but also in many adaptive 
skeletal features. All are herbivores; some are dwellers in rocky country, 
while others are somewhat arboreal. The tail is short, the legs but moderate¬ 
ly long. The gait is plantigrade, with the toes (four in front and three behind) 
bound together with a pad beneath. There is a centrale in the carpus, un¬ 
usual in living ungulates. 

The skull is of a rather normal construction. Alone among subungulates 
the living hyraces have a complete postorbitid bar. The lower jaw is very 
deep posteriorly. In living forms there is a considerable amount of reduction 
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in the permanent teeth. In most there is a single, large, rootless upper incisor 
which meets two enlarged lower ones in rather rodent-like fashion. Behind 
this the lateral incisors and canines have been lost, leaving a diastema in 
front of the cheek teeth. 'J^he molars tend to be high crowned and rather re¬ 
semble those of the earlier rhinoceroses in pattern, the upper ones having an 
ectoloph and two cross-lophs, and the lower teeth a double V. The posterior 
premolars are molarized; the anterior ones, simpler. 

Although none too common today, the hyracoids appear to have played 
an important role in Africa in earlier times, for the group is represented by a 
considerable variety of forms, such as Saghatherium (Fig. 309, A, E) and 



Fig. 309. —Subungulates. A-D, Right upper cheek teeth; E-Gy left lower cheek teeth. Ay Ey Sagha- 
theriumy a hyracoid, X|; By Fy Arsinoitkeriumy XI approx.; C, Miosireriy a Pliocene sirenian; Z), Gy 
MoeritheriuMy a primitive proboscidean, approx. Lower righU skull of MegalohpraXy a Lower Oligo- 
cene hyracoid from Egypt, length about 12 inches. {A, By D-G after Andrews; C after Abel; skull after 
Gregory and Schlosser.) 

Megalohyrax (Fig. 309) in the Lower Oligocene beds of Egypt. These ani¬ 
mals were already definitely hyracoid in structure and had even diverged 
considerably along various adaptive lines. They ranged in size from modest 
proportions to those of a lion; the teeth varied from brachyodont to high- 
crowned types, from bunodont to selenodont in pattern. However, they 
were all more primitive than the living forms, for the postorbital bar was in¬ 
complete, the brain small, and the dentition complete (although the teeth 
later lost were already reduced in size). The later Tertiary history of Africa 
is poorly known, but conies have been reported from later deposits there and 
one even from Greece. The fossil types, as well as the living forms, are found 
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exclusively around the eastern Mediterranean and in Africa; the group thus 
appears to have been characteristically African in origin and development. 

Arsinoitherium.—^A separate order, the Embrithopoda, is necessary for 
the reception of Arsinoitherium (Figs. 309, B, F; 310), a peculiar form from 
the Lower Oligocene of Egypt. This great beast was of rhinoceros size. The 
limbs were graviportal in structure with long and massive humerus and 
femur, short lower segments, and a broad, spreading, five-toed foot. The 
most striking feature of the animal was the presence of a huge pair of horns 
on the nasal bones, together with small ones on the frontals. The two great 
horns were fused at their bases, while, much as in some rhinoceroses, an os- 



Fia. 310.— Arsinoitherium^ a large horned subungulate from the Lower Oligocene of Egypt, about 11 
feet in length. (From Andrews.) 


sification of the partition between the nostrils below aided in their support. 
The structure of the front part of the skull suggests that there were movable 
cropping lips, but the tooth row was complete, and there was not the enlarge¬ 
ment of incisors seen in other subungulates. The molars were hypsodont (an 
unusual feature at that early Tertiary date), the upper ones having heavy 
protoloph and metaloph, while the lower ones had cross-crests showing dis¬ 
tinct traces of derivation from the double-V pattern. 

This curious creature is quite isolated; we know nothing of its ancestors 
or of any possible descendants. Many points, especially the molar pattern, 
suggest a common origin with the hyracoids; but the relationship must be a. 
distant one, for the development of the peculiar features of this form must 
hav« taken considerable time* 
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Proboscideans. —One of the most spectacular stories in maiiimalian ev^' 
lution is that of the order Proboscidea—the mastodons, eleplAnts, and iigf 
lated types. Like the two preceding groups, they were of Africift-origin birfB 
in contrast with other subungulates, succeeded in invading the other contjj 
nents and by middle and later Cenozoic times were widespread in Eurasia 
and North America and even reached South America. Today, however, only 
two forms survive. We may perhaps best treat this interesting group by de¬ 
scribing the highly specialized structures found in the later elephants before 
taking up the earlier stages in their development. 

The elephants and the related Pleistocene mammoths include the largest 
of late Cenozoic and living land mammals and, as such, have typical gravi- 
portal adaptations: an expanded ilium, columnar legs, a long humerus and 
femur, short lower limb segments retaining a well-developed ulna and fibula, 
and broad five-toed feet (cf. Fig. 314) with nail-like structures on the outer 
side of the digits and a pad beneath. The skull (Fig. 311, D) is of huge size 
and roughly rounded shape, with a swollen top which is highly pneumatic. 
The brain, although reaching 11 pounds in weight in the Indian elephant, 
is, of course, small compared with the size of the skull. The comparatively 
small eyes have no bar behind them. The bony nasal orifice lies high up on 
the front of the skull between the eyes; from it projects the long, flexible 
trunk. Below this opening the premaxillae descend vertically, bearing the 
roots of the huge tusks. These are enormously enlarged second incisors. On 
emergence from the skull the tusks curve forward, upward, and outward. On 
the short palate the posterior development of the maxillae (in which the 
jfteeth develop) is notable. The lower jaw is correspondingly short; in front is 
"a projecting chin superficially like that of man but developed in quite an¬ 
other fashion. 

f The dentition is remarkable. There are no anterior teeth other than the 
large upper tusks. In the cheek region the elephants have met the require¬ 
ment of a large grinding surface in unique fashion. Six teeth develop in each 
jaw half; these consist of three milk premolars and the three molars (the per¬ 
manent premolars never make their appearance). Each tooth (Fig. 312, D) 
is elongate and exceedingly hypsodont and is formed of a large number of 
high, thin, crosswise ridges. The spaces between these “leaves” is filled by 
cement, so that with wear all three elements of the tooth are exposed in a 
regular pattern—dentine in the center of the ridges, an enamel band about 
this, and cement forming the outer portions. The number of ridges increases 
considerably from earlier to later teeth, the milk premolars being much 
simpler in structure. 

Instead of having all the teeth in place at once, as is usually the case in 
mammals, the elephants normally have exposed at any given time only four 
teeth in all, one in each half of each jaw. As these four teeth are worn down. 
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they are pushed forward and the next group of teeth, which meantime has 
been forming in the maxilla or dentary, takes their place (Fig. 311, £?). This 
process is repeated until all members of a series are utilized. 

Parenthetically, it may be noted that, while teeth are the most common 
remains of fossil elephants, their interpretation presents difficulties.. The ap¬ 
pearance of the ridges varies with the degree of wear. The number of plates 
not only differs from form to form but even more widely from tooth to tooth 
of the same individual; the premolars are relatively simple, the last molar 
the most complex. 

^Moeritherium. —Very different from the living elephants, but already 
definitely proboscidean in tendencies, was Moeritkerium (Figs. 309, D, G; 
Sll, A) of the Upper Eocene and early Oligocene of Egypt, the earliest mem- 




Fiq. 312.—Crown views (above) and lateral views (below) of molar teeth of A, American Mastodon; 
Tetralophodon longirostris; C, Stegodon; D, Mammuthus primigenius. (A^ i natural size; B and C 
about I; D, about iV). (A after Hay; B after Vacek; C after Matsumoto; D after Osborn.) 


ber of the order. Although much smaller than later proboscideans, it had 
already reached the size of a tapir. The skull was still fairly long, with the 
eyes far forward. The nasal opening was somewhat to the top; but the de¬ 
veloping trunk was probably little more than a flexible, tapir-like snout. 

The dentition already shows the beginnings of the proboscidean specializa¬ 
tions. The formation of tusks had begun, for the second incisors were much 
enlarged, the upper one pointing down, the lower one projecting forward to 
meet it. A diastema was in process of development, and in connection with 
this the first premolars, the lower canine, and the lateral lower incisor had 
been lost. The molars were low crowned with two cross-lophs. The limbs 
were comparatively primitive but already somewhat heavy in build. We 
have in Moeritherium the beginnings of the specializations which led to the 
later mastodons and elephants. The skull shows many interesting points of 
resemblance to that of the conies and sirenians; but those groups were al- 
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ready in existence at that time, and their common ancestor must be looked 
for far back in the Eocene of Africa. 

There is considerable evidence that a number of types branched off early 
from the primitive proboscidean stock. For example, Barytherium, a con¬ 
temporary of the last form, known only from a jaw and a few other frag¬ 
ments, possessed similar bilophodont molars and an enlarged lower incisor. 
But the jaw was peculiar in other respects, and it is possible that this genus 
was but distantly related to the proboscideans. 

'^Dinotherium. —Certainly a proboscidean, but obviously far off the main 
evolutionary path of the group as a whole, was Dinotherium (Fig. 313), a 
large form found fairly common- 
ly in the late Miocene and early 
Pliocene of Eurasia. Ti'he general 
build was elephantine; and, al- 
though the earlier forms were of 
modest size, later types exceeded 

most of the true elephants inbulk. ^*‘^‘***'« ^ 

The cheek teeth (with but two B 

premolars) were quite primitive, J 

low crowned, and with but two ‘ A. 

cross-ridges in the back two mo- ^%^****ww^ ^ \ 

lars (the first had three). The 1 

nostrils were high up on the face, I 

suggesting a long proboscis. While J 

the premaxilla extended well for- JM; J 

ward, there was, in contrast with Sm J 

all other proboscideans, no trace 
of an upper tusk. The lower tusk 

was, however, well developed and sis —Skull of Dinotfwrium, a Miocene probos- 

curved Aurply dowuw^d «.d 
even backward. What purpose 

this curious structure could have served is a matter for speculation, Dino¬ 
therium disappeared from Eurasia during the Pliocene but, like many other 
primitive forms, survived much later in the tropics and was present in the 
Pleistocene in Africa. 

Mastodons. —Leaving these divergent forms, we may now return to the 
consideration of the evolutionary main line represented by the mastodons. 
These proboscideans, although now extinct, were very numerous and diver¬ 
sified throughout the greater part of the Tertiary. The mastodons may gen¬ 
erally be distinguished from elephants by the fact that the teeth were low 
crowned with few ridges and many or all of the cheek teeth were usually in 


Fig. 313. —Skull of Dinotfierium^ a Miocene probos¬ 
cidean, length about 47 inches. Molar tooth, ap¬ 
prox. (After Gaudry and Andrews.) 
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place simultaneously. Almost always there was a lower, as well as an upper, 
pair of tusks. 

In Egypt, again, appeared the earliest and most primitive of known mas¬ 
todons, Palaeomastodon (Fig. 314, A) and Phiomia (Figs. 311, B; 314, B). 
These Lower Oligocene forms were of larger size than Moeritherium; the 
largest had already reached the proportions of a modern elephant, although 
the average was much smaller. Structurally, too, they had progressed con¬ 
siderably beyond Moeritherium, The braincase was much shorter and higher; 
the nostrils were placed far up and back on the skull; and the snout must 
have been long. Of the anterior teeth there remained but a single pair of 
incisors. These were already well-developed tusks. The upper tusk was 
borne on the elongated premaxilla and curved downward and outward. The 
short lower tusks formed a somewhat scoop-shaped affair at the end of the 



Fia. 314.— A, Right of Palaeomastodon headnclli; R, left of Phiomia wintoni; Xi 

approx. (After Andrews.) At right, front and hind feet of the American Mastodon. (After Warren.) 

elongated jaw. Premolars (three above, but only two below) and molars were 
lophodont, low crowned, and all in place simultaneously. 

In Phiomia the molars had advanced over those of Moeritherium in that 
three cross-crests were usually present instead of two; and accessory cusps 
(in addition to the two which normally formed a crest) had begun to make 
their appearance, tending to make a somewhat bunodont and piglike tooth. 

From Phiomia appear to have descended most of the later mastodons, 
characterized by teeth in which a multiplicity of accessory cusps tended to 
make their appearance. These forms with suid teeth, which may be grouped 
as the Gomphotheriidae, successfully invaded the northern continents and 
were present throughout Eurasia and in North America before the end of 
the Miocene. In these areas they were present in great and bewildering varie¬ 
ty during the late Tertiary; only a few persisted into the Pleistocene. 

Gomphotherium [Trilophodon, Tetrabelodon] was the characteristic Mio¬ 
cene genus (Fig. 311, C); the lower jaw was enormously long, bearing short, 
broad tusks at the end, while the premaxilla was also elongated for the fairly 
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long and slightly decurved upper tusks. The nostrils were high on the skull, 
but the free portion of the trunk (which presumably began at the end of the 
premaxilla) must have been comparatively short. Six cheek teeth were pres¬ 
ent above and five below, all in the jaw at one time, with permanent pre¬ 
molars still replacing the milk premolars. The pattern was becoming more 
piglike, with an increasing number of irregular cusps; and the number of 
ridges was increased slightly over Phiomia, for, although three were typical, 
four or five cross-crests were present in the last molar. 

Members of the bunomastodont group persisted in the Old World until 
fairly late in the Pliocene and are even found in the early Pleistocene in Afri¬ 
ca. During this time, however, remarkable changes took place which were in 
many ways parallel to those which must have occurred in the ancestry of the 
true elephants. Tetrahphodon was the characteristic Pliocene type. The low¬ 
er jaw had become greatly shortened, leaving only a very small lower tusk in 
the end of a chinlike projection of the dentary; the premaxilla, too, had short¬ 
ened, while from it projected long, straight, upper tusks. With this shorten¬ 
ing of the face the fleshy nose above was presumably freed to become a long 
proboscis such as that found in the modern elephant. The teeth had become 
somewhat high crowned and had gained some cement. Further elephant-like 
changes are seen in the loss of replacing teeth for the milk premolars and in 
the tendency for only a part of the dentition to come into play at once. There 
was, however, only a gain of a molar crest or so (Fig. 312, J?), four typically 
and five in the last molars; and the piglike multiplicity of cusps in the cheek 
teeth shows that we are dealing with a line that was not ancestral but paral¬ 
lel to that of the true elephants. Stegomastodon, a genus which persisted into 
the early Pleistocene in North America (as did a related form in Asia) and 
even invaded South America, was still further advanced in jaw abbreviation 
and increase in cusps to a maximum of seven or eight cross-crests. 

The two genera already discussed appear to form the “main line’’ of evolu¬ 
tion of this mastodon family; there were numerous side branches. Cuvieroni- 
us, representing another set of late Pliocene and Pleistocene survivors in the 
two Americas, had progressed in the loss of lower tusks and had developed 
peculiar, spirally twisted upper ones but had retained relatively primitive 
molars. Rhynchoiherium, found from Africa to North America in the late Ter¬ 
tiary, retained a long-tusked lower jaw which was curved downward some¬ 
what in the fashion of Dinotherium. In Platyhehdon (Fig. 311, F) of Asia and 
North America and Amebehdon (Fig. 311, 0) of the latter continent, the 
long, decurved lower jaws bore broad, flat, lower tusks which formed an 
enormous shovel-like structure. In Onathobelodon of the American Pliocene 
the lower tusks were absent, but an equally effective shovel was formed by 
the expanded rostrum of the lower jaw. 

While Phiomia had three-lobed teeth which tended toward a complicated 
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pattern, the contemporary Palaeomastodon retained rather simple, tapir¬ 
like, two-lobed molars. This genus may have given rise to a second, less 
prominent, but long-lived group of mastodons (family Mastodontidae) in 
which the teeth had a persistently simple pattern, always with low crowns 
and simple ridges and without cement. Such forms are found in the Miocene 
{Mastodon tapiroides) and Pliocene (M. horsoni) of Eurasia, although more 
rare than the gornphotheres. This group reached America during the Mio¬ 
cene and had as an end-form Mastodon proper (Figs. 312, A; 315), which 
persisted in North America throughout the Pleistocene and (as numerous 
skeletons from postglacial swamps show) probably lived until not many 
thousands of years ago. In these forms the skull must have changed in a 



Fig. 315. —The American Pleistocene Mastodon; length about 10 feet. (From Hay.) 


fashion similar to that of the bunolophodonts, for the American mastodon 
never had more than a vestige of the lower incisor in the short jaw, the skull 
was high and short, there were huge upper tusks curving upward and out¬ 
ward, and there were never more than two teeth at a time in each jaw half. 

Elephants. —The family Elephantidae, in which the Recent forms are in¬ 
cluded, is easily distinguished from a majority of the mastodons through the 
much higher, shorter head; the huge, curved upper tusks; the short, tuskless 
lower jaw; and especially by the cheek teeth with their high, cement-covered 
rows of numerous lamellae and peculiar mode of succession. The elephants 
are not descendants of any of the well-known mastodon types but appear to 
have had a long independent history. Seemingly, Asia was the home of the 
group, and the oldest elephant types are found in the Pliocene Siwalik beds 
of India. In Stegodon of the Pliocene and early Pleistocene of Asia, the skull 
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was somewhat longer than in true elephants; but the teeth (Fig. 312, C), 
while still low crowned, had sometimes as many as fourteen simple ridges 
with some traces of cement. While there were still traces of the permanent 
premolars, which have been lost in later elephants, the type of tooth succes¬ 
sion was changing, for no more than two at one time were present in a jaw 
half. Further, the lower-jaw symphysis had been reduced to a chin in which 
there were only tiny vestiges of the lower tusks, while the upper tusks were 
long and somewhat spirally curved. 

By the end of the Pliocene the first of the typical elephants with short 
head, tuskless lower jaws, and high-crowned, cement-covered teeth had ap¬ 
peared in southern Asia and Europe; and in the Pleistocene various elephant 
types usually referred to as “mammoths” were abundant in all the northern 
continents. The matter of proper usage of generic terms for these forms is in 
a confused state. At one time all were included in the genus ElephaSy using 
that term in a broad sense; recently there has been a tendency to split the 
elephants into a large number of genera. We shall here group the character¬ 
istic Pleistocene and Recent forms in three genera: Loxodontay Elephas, 
Marnmuthus. 

Typical of Loxodonta is the living African elephant; the molars are rather 
narrow and relatively low crowned, with a comparatively small number of 
ridges, which, with wear, tend to show a rhomboidal pattern. The head is 
not so short or deep as in other late elephant types; the tusks are long but 
are little curved. Loxodonta antiquay the straight-tusked “ancient elephant,” 
was an inhabitant of southern Europe and northern Africa in the Pleisto¬ 
cene. Some specimens reached a height of 14 feet at the shoulder; on the 
other hand, dwarf races of this form, some no larger than a pig, have been 
found as fossils on Mediterranean islands. Other loxodonts occur in the 
Pleistocene of Asia. 

ElephaSy as used here, is typified by the living Indian elephant. In con¬ 
trast with the loxodonts, the skull is very short and deep, with a rounded 
vault; the tusks are short and straight and, again contrasting with loxodonts, 
are directed more downward than forward from their sockets. The molars 
are broad and high and with numerous closely appressed ridge-plates. Rela¬ 
tives of the living species were present in the Pleistocene of Asia and the 
East Indies. 

Most interesting of fossil elepnants is a great array of forms to which the 
term “mammoth” is usually applied and which are here gathered into the 
genus Marnmuthus, In these mammoths the tusks are vertically directed at 
their bases, as in Elephas; however, they are much elongated and curved and 
may even cross one another, in old males. The skull tends to be even shorter 
and higher than in the Indian elephant and has a pointed roof. The teeth are 
constructed much as in ElephaSy but the number of plates is variable. In 
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some early and primitive Asiatic species even the last molars have but ten 
or a dozen plates; these teeth in some woolly mammoths have the extreme 
figures of twenty-seven to thirty ridges. In this genus are included a number 
of prominent Pleistocene forms. Mammuthus planifrons of the early Pleis¬ 
tocene of Asia was a primitive type; M. meridionalis, the southern mammoth 
common in the Mediterranean region, was closely related; M. hnperator, the 
imperial mammoth of southern North America, was more advanced in size 
and dental development. The form characteristic of temperate North Ameri¬ 
ca, usually termed the “Columbian mammoth,’’ was not exceptionally large 
but had highly developed molars. Mammuthus primigenius (Figs. 311, D; 
312, D), the woolly mammoth, was a form adapted to cold climates, com¬ 
mon throughout the Pleistocene in the northern parts of both Eurasia and 
North America. It is known not only from skeletal remains but also through 
the many figures made by paleolithic man on cave walls and through com¬ 
plete cadavers unearthed in the frozen tundras of Siberia. 

Sirenians. —^A final order, the Sirenia, includes the most aberrant of sub¬ 
ungulates. These forms, manatees and dugongs, or sea cows, are not ungu¬ 
lates in any normal sense but are purely aquatic animals, found along the 
coasts and river mouths of various parts of the world. The skin of living 
sirenians is nearly naked and tough and leathery. The body has assumed the 
torpedo-like shape characteristic of many water vertebrates, with no dis¬ 
tinct neck and with a laterally expanded tail. Here, as in other groups, the 
front legs have been transformed into flippers, while there is no surface indi¬ 
cation of the vestigial hind limbs and pelvis. A characteristic feature of the 
skeleton of manatees is that much of the bone has a compact structure— 
pachyostosis—^seen in certain other aquatic vertebrates (the mesosaurs, for 
example). 

The brain (and consequently the cranial cavity) is small. Only in the case 
of one living form is the postorbital bar developed. The premaxillae form a 
long, high, and narrow rostrum, usually curved downward, with the paired 
nostril openings placed above and well to the rear; the nasals are vestigial. 
The lower jaw is heavy and has a long symphysis in front. The modifications 
of the front limbs are not so great as in the whales, for there is still consider¬ 
able freedom of movement at the elbow and wrist and in the fingers. There 
tends to be fusion of carpal elements, however. The thumb is reduced; but, 
while the other fingers may have but two joints, the number may increase 
to four. 

Living forms possess a pelvis (Fig. 316) which is only a solid plate or rod 
without subdivisions and without bony connection with a sacral rib; nothing 
remains of the hind limb. 

Like their terrestrial subungulate relatives and in contrast with other 
types of aquatic mammals, the sea cows are purely herbivorous. The denti- 
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tion of living forms is quite specialized and reduced anteriorly. The dugong 
has merely a pair of upper incisor tusks, while the manatee has no front teeth 
at all as an adult; in both types horny plates form a substitute cropping 
organ. The cheek teeth in primitive forms and in the living manatees have 
two cross-crests, as in primitive proboscideans. 

Primitive sirenians.—Remains of sea cows are not uncommon in the 
Eocene beds of Egypt. While this fact suggests an African origin, their mi¬ 
grations must have begun at an early date, for an early sirenian is also re¬ 
ported from Jamaica. Very primitive sirenians are Protosiren (Fig. 316) of 
Egypt and the Jamaican form, Prorastomus; Eotheroides Y^Eotherium'\ 
commonest of the Egyptian finds, is somewhat more advanced in the direc¬ 
tion of the dugongs. The early genera show definite sirenian characteristics, 
such as the posterior retreat of the nostrils, the presence of two-ridged mo¬ 
lars, and the beginning of pachyostosis. They were, however, more primitive 



Fits. 316.— Lep, crown and side views of a molar tooth of the Miocene Dcarnosti/lust X (After Vander- 
Hoof.) Center^ pelvis of an early sirenian, Eotheroides^ and the modern Dugong. (After Abel.) 
Right, restored skull of the primitive Eocene sirenian Protosiren; length of original about 13 inches. (Main¬ 
ly after Sickenberg.) 

in many ways than the modern forms. The snout is but little down-turned, 
and in Prorastomus the tooth row forms practically a straight line. Nasals 
and lacrimals, vestigial in later sirenians, were unreduced. The entire series 
of normal placental teeth is present; in specimens of Prorastomus and Pro¬ 
tosiren one of the milk molars is retained in the adult, suggestive of a trend 
toward the increased number of teeth noted below for the manatees. Even 
in Eotheroides the pelvis was quite well developed (Fig. 316), while the hind 
legs appear to have been complete and still functioning, although of small 
size. 

Dugongs.—The dugong, the “mermaid” of the Red Sea and Indian Ocean, 
is the sole survivor of a group very common as fossils throughout the Ter¬ 
tiary. There is a massive beak bent down above the heavy lower jaw. Of the 
front teeth, which are mainly replaced by a heavy, horny, rubbing pad, there 
remain only vestiges except for upper incisor tusks in the male. The premo¬ 
lars are degenerate, and the permanent set never develops, while the molars 
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are large and, with a wrinkled surface and many bunodont cusps, superficial¬ 
ly resemble those of the pigs or the bunomastodonts. 

A tendency in the dugong direction was already apparent in some of the 
Eocene sirenians, such as Eosiren, The beak was already slightly tilted, near¬ 
ly the full complement of teeth was still present, but the first incisors were 
somewhat enlarged; the number of cusps in the molars was already tending 
^ to increase, and the intermediate teeth were much reduced in size. In later 
Tertiary deposits, especially in Europe, there have been found a consider¬ 
able number of forms leading toward the living type. Some, such as Ualithe- 
rium (Fig. 317) of the Oligocene and early Miocene, Metaxytherium of the 
late Miocene, and the Pliocene Felsinothcrium, are quite well known. In them 
a lower incisor tusk persisted for some time but finally disappeared along 
with the smaller remaining front teeth. The beak was bent downward in 
dugong fashion, the pelvis was reduced, and the hind legs dwindled and 
vanished. 



Fig. S17.—Ilalitherium, an Oligocene sirenian, about 9 feet in length. (Simplified from E. von Stromer, 
Lehrbuch der Pcdaeozoologie, Vol. 2 [Leipzig: B. TeubnerJ.) 


Through most of the Tertiary various side lines of this family are known, 
of which perhaps the strangest was that which ended with Steller’s sea cow, 
Rytina, found by the Russians in the Bering Sea and exterminated by them 
nearly a century ago. Here both the tusks and the entire set of cheek teeth 
had disappeared, to be replaced by rubbing plates. 

Manatees. —second living group is that of the manatees, Manatus, in¬ 
habiting the Atlantic shores of Africa and America. A feature unique among 
mammals is that there are here but six cervical vertebrae. The beak, while 
long, is not markedly decurved. All the front teeth have disappeared. The 
bilobed cheek teeth have undergone a curious development. Their number 
in each jaw ramus has increased to twenty or more, of which five or six may 
function at one time. The method of replacement is quite peculiar; the teeth 
form at the back of the jaw, and as they function, push forward until they 
are worn down and disappear at the forward end of the tooth row. This type 
of tooth replacement is reminiscent of that of th^ later mastodons and ^le^* 
phants. Almost nothing is known of the history of the manatees* 
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Desmostylus. —Found in marine Miocene deposits on both sides of the 
North Pacific are the teeth and (rarely) the skulls of a peculiar aquatic ani¬ 
mal, Desmostylus (Fig. 316). The cheek teeth were peculiar in structure, the 
large posterior ones consisting of a number of cusps (eight above, seven be¬ 
low) developed as closely packed, heavily enameled cylinders; these teeth 
suggest a mollusk-eating mode of existence, contrasting with that of typical 
sirenians. As in proboscideans and manatees, the cheek teeth are replaced 
by means of a horizontal forward movement. The anterior teeth are present, 
in part, as tusks—an upper pair formed by the canines, two lower pairs 
formed by incisors and canines. 

In a number of respects the skull differs from that of typical sirenians: it 
is low, and the snout is broad and turned downward but little. The jugals are 
small. The external nares remain anteriorly placed; and, although the nasals 
remain well developed, they do not enter the border of the nostrils. 

Despite these differences and despite lack of data on the postcranial skele¬ 
ton, it is generally held that Desmostylus is a sirenian, although best placed 
in a separate suborder. We know nothing of the history of the group except 
the presence of a somewhat smaller related form in the Oligocene of Pacific 
North America. 

The earliest sirenians, as we have seen, showed very clearly their deriva¬ 
tion from land forms; and the fact that so many early remains are from 
Egypt suggests Africa as the continent of origin. The primitive complete 
dentition, with large incisors and molars with cross-lophs, is suggestive of 
that of the early elephants, while many details of skull structure are highly 
comparable with those of both elephants and conies. The evolutionary tend¬ 
encies shown in later members of the order are also similar to those of the 
proboscideans in such respects as the development of a single pair of incisor 
tusks, the tendency toward a polybunodont type of cheek tooth, and the 
tooth replacement of the manatee, essentially similar to that of the modern 
elephant. 

All in all, our study of the various groups discussed in this chapter tends 
to confirm the seemingly odd assumption of the relationship of the diversified 
subungulate forms. But, although the early Egyptian fossils seem to be ap¬ 
proaching the common type from which the subungulates have been derived, 
conies, proboscideans, and sirenians were already distinct groups at that 
time. It is only through some future discovery of very early Tertiary de¬ 
posits in Africa that we may hope to find the common ancestor of the late 
subungulate orders. 
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AMONG all vertebrates there is, perhaps, no group whose fossil his- 
/% tory is better known than that of the order Perissodactyla, the 
L m “odd-toed” ungulates. Although represented at the present day by 
but a few species of tapirs, rhinoceroses, and horses, perissodactyls were 
numerous throughout the Tertiary and included not only the ancestors of 
these living groups but also such interesting extinct types as the huge, horned 
titanotheres and the grotesque, clawed chalicothercs. 

Limbs. —^As usual with ungulates, the locomotor apparatus has been of 
importance in the evolutionary history. In most perissodactyls the limbs 
have tended to become long and slim, with a lengthening of the distal seg¬ 
ments as compared with the proximal ones, while the ulna and fibula may 
be reduced. There is, as usual in ungulates, no clavicle; but in contrast with 
the artiodactyls (or even-toed ungulates) the femur has a well-developed 
third trochanter. 'Phe carpus is of the alternating type. The upper end of the 
astragalus has a well-keeled surface for the tibia; but, unlike the artiodactyls, 
this is not duplicated at the lower end, which is, at the most, rounded (Fig. 
286). 

The feet (Figs. 319, 328, 329) are of the mesaxonic type, with reduction 
usually taking place to three toes or even to one in late horse types. In the 
hind foot the earliest-known forms had already reduced the number to three, 
with only metatarsal splints representing the first and fifth digits. But the 
first stage in reduction in the front foot led to a four-toed condition common 
in the Eocene; for, while no traoe of the thumb has been found in even the 
earliest of perissodactyls (except in a chalicothere), typical early forms had 
retained all the other toes, although the outer one was somewhat weak. This 
stage in toe reduction, with four digits in front and three behind, is retained 
to this day by the tapirs. But beyond the Lower Oligocene other surviving 
types had no more than three toes on each foot. 

Teeth. —^Equally characteristic of the group is the tooth development 
(Figs. 320, 321). The full complement is found in many early forms, but 
there may be various losses and specializations in the incisors and canines, 
and a diastema almost always develops, the first premolar being sometimes 
lost in the process. 
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The upper molars in the most primitive forms known had already gained 
a hypocone and (as seen in a very primitive horse [Fig. 241, B]) showed six 
bunodont cusps, the intermediate conules being primitively well developed. 
Typically, a lophodont condition arises from this (Fig. 243). An ectoloph, 
often W-shaped through the development of the external row of styles, oc¬ 
curs in most forms. Transverse ridges, protoloph and metaloph, are found 
in three of the five main groups; but, on the other hand (in titanotheres and 
chalicotheres), the inner cusps may retain a bunodont condition. In the low¬ 
er molars a pair of V’s usually develops from the original trigonid and talo- 
nid and may become a W-shaped structure through union of their adjacent 
ends or have their main posteri¬ 
or limbs changed into transverse 
crests. The teeth may remain low 
crowned, as in the early forms, 
while in others (especially in the 
horses) the teeth may become 
markedly hypsodont. 

Complete molarization of most 
of the premolars is general among 
later members of the group. In 
some cases, as in the horses, the 
process has been carried so far that 
there is almost complete identity 
in appearance. These highly de¬ 
veloped teeth are in contrast with 
the small and undeveloped pre¬ 
molars found in artiodactyls. 

The facial part of the skull (Fig, 

323) is usually rather long in con¬ 
nection with the development of a long series of grinding teeth. A postorbi¬ 
tal bar is developed only in the later horses. The nasals are broad poste¬ 
riorly and usually extend freely well forward over the nasal opening. Horn¬ 
like structures have developed in the titanotheres and many rhinoceroses. 

Horses. —The order may be divided into subordinal groups, of which we 
shall first consider the Hippomorpha, the horses and their relatives, most 
progressive of all perissodactyls. In the horses there is almost no loss of 
teeth, the incisors being retained and forming chisel-shaped cropping organs. 
Cross-lophs slanting back from the ectoloph are developed on the upper 
cheek teeth; the intermediate conules tend to retain their individuality and 
thus make in many cases a very complicated pattern. There was an early re¬ 
duction of toes to three in the front as well as the hind foot, and in later types 
a progressive reduction toward and to a monodactyl condition. 
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Fiq. 318. —The phylogeny of the perissodactyls 
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A discussion of the structure of the modern end-forms constituting the 
genus Equus (horses, asses, zebras) gives a good introduction to horse his¬ 
tory. The modern horse has the most highly specialized limb structure of any 
perissodactyl. In its mechanism it is almost perfectly adapted for rapid for¬ 
ward movement on hard ground and almost incapable of any other type of 
movement. The humerus and femur are short, powerful, driving segments 
from which depend the much longer radius and tibia, the main supporting 
elements of the front and hind feet, respectively. The shaft of the ulna is re¬ 
duced and fused to the radius; while of the fibula there remains only a splint 
above and a vestige fused to the tibia below. Only one toe, the third, is well 
developed (Fig. 319, /)); this has a much elongated metapodial but short 



Fig. 319. —Feet of horses. Manus at left, pes at right. A, Eokippus^ a primitive Lower Eocene perisso¬ 
dactyl with four toes in front, three behind; B, Miohippua, an Oligocene three-toed horse; C, Mery- 
ekippust a late Miooene form with reduced lateral toes; D, Equus, (A after Cope; B, C after Osborn.) 


phalanges, the terminal one expanded into a semicircular structure support¬ 
ing the hoof. Of the side toes, splints of the metapodials remain; nubbins on 
their ends may represent the lost digits. The carpals are arranged in two 
semicircular layers between the radius and the metacarpal, with the mag¬ 
num (the normal support for the third finger) enlarged and the first carpal 
vestigial. Similarly in the tarsus the ectocuneiform plays a prominent part 
in carrying the weight from the well-keeled astragalus and the underlying 
navicular to the toe. 

All the incisors are present in the modern horse; broad and in a closed row, 
they form an efiicient cropping mechanism. Behind them is a long diastema, 
in which lies the small and variable canine. The first lower premolar is ab¬ 
sent, but the small upper one lies at the front end of the grinding battery 
(Figs. 320, B; 321, B), This is composed of six teeth in each jaw half, the 
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metastyle. Anteriorly a crescent swings inward as the protoconule. Internal 
to this is the nearly isolated protocone; while the posterior end of the proto¬ 
conule connects with the metaloph, developed internally into a crescentic 
hypocone. From this last, in turn, a ridge representing the hypostyle runs 
outward toward the posterior end of the ectoloph. This much-folded pattern, 
presenting alternating layers of three different substances, forms a highly 
efifective grinding organ. The lower teeth have had a similar history, but the 
pattern is obviously derivable from a primitive one in which a connecting 
link between the two Vs is afforded by a metastylid adjacent to the meta- 
conid. 

The facial part of the skull (Fig. 323, B) is elongated in relation to the 
long set of cheek teeth and the diastema. In the modern horses there is a 
postorbital bar. 

Eocene horses. —The modern horses and their relatives are almost per¬ 
fectly adapted in both limbs and dentition for a grazing, plains-dwelling life. 



Fig. 322.—Right upper molar teeth of various horse types, all natural size. Eohipjms (L. Eocene); 
B, Mesohippus (Oligooene); C, Parahippus (L. Miocene); Z>, Merychippus (U. Miocene); E, Pliohippus 
(Pliocene); F, Equus compUcaius (Pleistocene). The complicated cusp pattern of the modern horse tooth 
maybe traced back to the comparatively primitive condition in EoAippM®. Abbreviations: Ay, hypocone: 
hys, my St hypostyle; rnclt metaconule; ms, metacone; mes, mss, mesostyle; m<5, metastyle; pa, paracone; 
pas, parastyle; pci, protoconule; pr, protocone. (After Matthew.) 


Far different in structure and probable habits were the earliest horses, found 
in the Lower Eocene. Best known is the American Eohippus (Figs. 319, A; 
320, A; 321, A; 322, A; 323, A; 324); this genus was close to, if not identical 
with, the contemporaneous Hyrcucotherium of Europe. Eohippus was a small 
form, no larger than a fox terrier. The skull had but a short facial region, the 
orbits (lacking, of course, a postorbital bar) lying in the middle of its length. 
All the teeth were present, and there was but a short diastema. The low- 
crowned molars were aU^ady squared up with six cusps present above and 
four below. There was here just the beginning of a tendency toward loph 
formation, but the tooth was still essentially bunodont in character. The 
premolars were still comparatively simple, none of the upper ones having 
progressed beyond a triangular shape. The limbs were moderately long and 
slim, with the metapodials rather elongated and with definite hoofs on the 
end-phalanges. The toes were already reduced in number. In the front foot 



Fig. 82S.—Skulls of perissodactyls. A, Eohtppus, skull length about 5^ inches; Equus niobrarensis, 
a Pleistocene American horse, skull length about 23 inches; C, Hyrachyusy an Eocene hyracodont, skull 
length about Hi inches; D, Balvehitheriumt a giant hornless Oligocene rhinoceros, skull length about 4| 
feet; Diceroa pachygnathttSf a Pliocene horned rhinoceros, skull length about 2 feet; F, Proiapirus 
validust an Oligocene American tapir, skull length about 1 foot; G, XAmnohyopat an Eocene hornless 
titanothere, skull length about 15 inches; Moropus, an American Lower Miocene chalicothere, skull 
length about 2 feet. (A after Cope; B after Hay; V after Scott; Z), 0 after Osborn; E after Gaudry; F 
after Hatcher; H after Peterson.) 
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all traces of the thumb had disappeared; but the other four toes were all 
functional, although the outer one was comparatively small. In the hind 
foot only three toes were present; but there were traces of the missing digits 
in the form of metatarsal splint bones. This small, forest-dwelling browser is 
of great interest. Unquestionably, it stands at the base of the horse series. 
But, even more than that, it exhibits many features to be expected in the 
ancestors of other perissodactyl families and, without doubt, was very close 
to the roots of the whole perissodactyl stock. 

In the Middle and Upper Eocene of North America we find, in Orohippus 
and Epihippus, descendants of this primitive equid in which the structure 
was essentially the same and in all of which four toes were retained in the 



Fig. 324. — Eohippus, the “dawn horse” of the Lower Eocene, probably close to the stem of the perisso- 
dactyls; length about 18 inches. (After Cope, from Smith Woodward.) 


front foot. A few advances, however, did take place: the splints disappeared 
in the hind foot, and the last two premolars took on more of the molar 
pattern. 

Mesohippus and related types. —The next main stage in horse evolu¬ 
tion begins in the Lower Oligocene, again in North America. There, in Meso¬ 
hippus (Figs. 322, B; 325), typically the size of a collie, and the somewhat 
larger Miohippus (Fig. 319, B) we find the beginning of a series of function¬ 
ally three-toed horses. In the front foot the outer toe has gone, although a 
vestige of its metatarsal persisted in many later equids. The metapodials of 
the three remaining toes were much more elongated than in Eocene types; 
but while the central toe was somewhat larger, all three undoubtedly reached 
the ground. 

The diastema had continued its development; and, while the cheek teeth 



PERISSODACTYLS 


427 


were still low crowned, all the premolars except the small first one had be¬ 
come completely converted to the molar pattern. This pattern was now defi¬ 
nitely lophodont, with a typical W-shaped ectoloph above but with the cusps 
constituting the cross-lophs retaining their individuality. At the back edge 
of the upper molars the hypostyle was beginning to be prominent. In the 
lower jaw there were two crescents with a distinct double cusp (metaconid 
and metastylid) at their junction. 

The teeth and feet of these typical Oligocene horses suggest that, like 
their ancestors (and the tapirs today), they were essentially browsing forms, 
living on soft vegetation in forests and glades where their spreading, three¬ 
toed feet would enable them to go over soft ground diflScult for the later. 



Fig. S25. — Mesohippus, a small, three-toed Oligocene horse, about 40 inches long. (From Scott.) 


single-toed horse. A tendency in some members of this stock to grow to larg¬ 
er size without much change in structure led, at the beginning of the Mio¬ 
cene, to the development of Anchitherium^ about the size of a pony but with 
persistently primitive three-toed feet and low-crowned teeth. This type mi¬ 
grated to Europe (where true horses had been absent since the Eocene) and 
was common there in the early Miocene. Members of this group of relatively 
primitive forest horses persisted on into Pliocene times (one of them reaching 
China), despite the fact that other and more progressive horses were devel¬ 
oping in the meantime. The larger forms of the late Miocene and Pliocene 
are often separated as a distinct genus— Hypohippus —and a giant form 
from the Pliocene, which may have been the size of an African rhinoceros, 
has been given the appropriate name of Megahippm. Archaeohippus repre- 
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sents another series of conservative Miocene horses, which, however, were 
of very small size. 

Miocene horses. —The beginning of a third main structural stage is 
found in Parahippus of the Miocene of North America. In this horse the 
diastema was well developed, and the molar teeth were lengthening. The 
face was consequently somewhat elongated, the orbit being considerably 
back of the middle of the skull length. The eye was partly inclosed behind by 
a developing process from the frontal; this formed a complete bar in all later 
types. While the molar teeth (Fig. 322, C) were still fairly low crowned, ce¬ 
ment was beginning to make its appearance on their surfaces. In connection 
with this feature, a posterior ridge develops on the upper molars connecting 
the hypocone with the ectoloph, and a cross-connection (crochet) tends to 
connect protoloph and metaloph; these new structures result in the forma¬ 
tion of “lakes” in the center of the tooth in which cement is deposited. In the 
feet the side toes were somewhat reduced, so that they would probably not 
have touched the groimd during rapid locomotion. Thus, it would seem that 
in Parahippus we have a form transitional from the old forest dwellers to 
modern plains-dwelling grazing horses. 

Directly descended from this genus was Merychippus (Figs. 319, C; 322, 
D), characteristic of the later Miocene of North America and the undoubted 
ancestor of the later horse types. Here the teeth were definitely high crowned 
and prismatic, with a good cement covering and a molar pattern quite com¬ 
parable to that of living horses. The development of hypsodont teeth is 
usually regarded as associated with grass-feeding; this highly siliceous ma¬ 
terial would rapidly abrade low-crowned structures. This may well be the 
case. But we may note that Miocene horses were characteristically of larger 
size than their Oligocene predecessors. And simple mathematical considera¬ 
tions indicate that, even without change of diet, larger size would necessitate 
either larger grinding areas on the teeth or higher crowns. 

Later horse evolution. —From Merychippus arose a variety of genera 
which comprise the horse fauna of the Pliocene; most had become extinct by 
the end of the Tertiary. Hipparion, Neohipparion, and Nannippus are a 
group of closely related forms of rather light build. Hipparion, about the 
size of a pony, spread through Asia to Europe (in which area Afichitherium 
had already disappeared), was characteristic of the Pliocene fauna there, 
and may have persisted in Africa with other relic types until the Pleistocene. 
Neohipparion and Nannippus (the last a small form) were confined to Ameri¬ 
ca, as was Calippus —a small relative of Pliohippus. 

This last genus (Fig. 322, E) is the Pliocene American stock from which it 
appears that the modern horses and their relatives have come. There is a 
trend toward larger size, tooth patterns resembling those of living equids, 
and a rather stouter body build than in the Hipparion group. The feet are 
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poorly known, but complete (if very slender) side toes were present in some 
forms. Some descendants of this group which reached South America be¬ 
came specialized types, such as Hi'pjndion (Fig. 3^6) and Onohippidium, In 
these small but heavily built South American types, as in the true modern 
horses, the side toes were reduced to splints, but the limbs were short (sug¬ 
gesting a mountain habitat); and they differed in the excessively long and 
slim nasal bones. These forms did not survive the Pleistocene. 

The major line of descent from Pliohippus, however, is that which led to 
the genus Equus, the living group of horselike animals. The rather slight re¬ 
maining modifications, apart from the definite reduction of the side toes, ap¬ 
pear to have taken place close to the Pliocene-Pleistocene time boundary; 
some of the transitional types occur in beds which are commonly considered 



Fig. 326 .—Ilippidiont a South American Pleistocene horse. (From Scott, Land Mammals of the 
IVestern Hemisphercy by permission of Macmillan Co., publishers.) 

as late Pliocene. For the most part, however, Equus is characteristically a 
Pleistocene genus, and its appearance is often considered as a time marker 
for that epoch. The genus appeared in North America but spread with re¬ 
markable rapidity to every continent (except, of course, Australia). Minor 
differentiations, hardly of generic worth, led to the development of the vari¬ 
ous modern horselike animals.) The earliest American horses and some of 
those present in the Pleistocene of Europe show features suggestive of the 
zebras, now confined to Africa. Other horse types are the asses still found 
wild in some of the more barren tropical regions, and the true horses, of 
which a wild species still exists in central Asia. Strangely enough, while 
North America had been, all through the Tertiary, the center of horse evolu¬ 
tion, with only a few occasional migrants reaching Eurasia, the group had 
become extinct in the New World by the end of the Pleistocene. The Ameri¬ 
can plains and pampas, which proved to be perfectly suitable for horses when 
reintroduced by man, were barren of equid life when first seen by Europeans. 
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Palaeotheres. —^True horses, as we have noted, were absent in the later 
Eocene of Europe. Instead, we find developing various short-lived side 
branches of the equoid stock which may be considered collectively as the 
‘‘palaeotheres.” These forms tended to become prematurely large and ad¬ 
vanced in structure. Palaeotherium (Fig. 327), which survived to the begin¬ 
ning of the Oligocene, may be taken as characteristic of the group. The last 
of the palaeotheres reached the size of a rhinoceros. The toes were reduced 
to three in both front and hind feet, but the legs were rather short and stout. 
Three premolars had become somewhat precociously molarized in the course 
of development of the genus; and the cheek teeth became markedly lopho- 
dont, although differing in details from those of the true horses. Other forms 
of Middle to Upper Eocene age were generally smaller, with somewhat more 



Pig. 327 .—Palaeotherium magnum^ a late Eocene giant horselike mammal, much reduced. (From 
Abel.) 

primitive teeth and less premolar development. One form, however, had al¬ 
ready acquired cement on the molar crowns and had very slim lateral meta- 
podials—features which were not attained in the true horses until the begin¬ 
ning of the Miocene. Despite these progressive features, the palaeotheres did 
not survive; the characteristic ungulates of the Oligocene and later Tertiary 
of Europe were artiodactyls, not perissodactyls. 

Titanotheres. —Quite unlike the horses in their adaptations, but appar¬ 
ently closely related and derived from forms similar to Hyracotherium, were 
two extinct perissodactyl groups, the titanotheres and the chalicotheres. 
Both showed spectacular specializations but had an unprogressive dental 
equipment, a feature to which their extinction may be at least partially due. 
Of these two, the first to reach a climax and the first to become extinct were 
the titanotheres. This group had a major evolutionary center in North Amer* 
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ica, where they were present throughout most of the Eocene and into the 
early Oligocene. Until recently they were almost unknown in other parts of 
the world, but we now know a wealth of these forms from the late Eocene 
and early Oligocene of Asia as well; and late Eocene stragglers even reached 
eastern Europe. End-forms of the titanotheres are found in such genera as 
Brontops (Fig. 330), Brontotherium, Titanotherium [Menodus], and Mega- 
ceropSy of the early Oligocene. These creatures were of great size, the height 
at the shoulder reaching 8 feet in one type. The skull (as in almost all titano¬ 
theres) was long and low; the brain was very small; and the braincase had a 
characteristic sag on top rather than any expansion of the skull. A striking 
feature was the development at the front of a pair of large, rugose, hornlike 
processes. These horns were always of fairly good size in these end-forms 
(although smaller in the females); but they varied enormously in the differ¬ 
ent genera, sometimes being long, diverging structures, sometimes (in Em- 
holotheriumy of the Oligocene of Mongolia) rising up sharply as a single broad, 
fused mass dividing at the top. The teeth (Figs. 320, G; 321, E)y on the other 
hand, were strangely unprogressive. The incisors, as well as a premolar, 
might be lost entirely. The premolars were only partially molarized in pat¬ 
tern and small in size. The molars were large in surface area but crowned 
with a bunolophodont pattern. In the upper molars there was a W-shaped 
ectoloph like that of early equids, on the inner side of which lay the main 
grinding surface, and isolated internal cones representing protostyle, proto¬ 
cone, and hypocone. Below was a double V of somewhat the same pattern as 
that of the horses but without the reduplication of the cusp at the union of 
the V’s which is found in most equids. The limbs, in correlation with the 
huge bulk, were of the graviportal type, short and massive with the conserva¬ 
tive number of four and three toes, respectively, in the stubby front and 
hind feet (Figs. 328, F; 329, D), 

In the Upper Eocene of America and Asia were somewhat more primitive 
types, such as Dolichorhinus, in which there were never more than slight 
traces of horns on the long nasal bones. In size the Upper Eocene types aver¬ 
aged but about two-thirds that of the end-forms; and the body was, in con¬ 
sequence, less massive in its proportions. All the teeth were present, the up¬ 
per molars still possessed the two primitive intermediate cusps lost later, and 
the premolars were all simple and unmolarized. A further stage back is found 
in Palaeosyops and Limnohyops (Fig. 323, G), of the Middle Eocene of North 
America, which had reached only the size of a tapir and were hornless. In the 
late Lower Eocene there was present in North America not only a primitive 
true titanothere {Eotitanops) but also a small form, Lambdotheriumy inter¬ 
mediate between titanotheres and the primitive equoid types. 

The main evolutionary trends seen in this series of forms seem to point 
toward the rapid attainment of large size. The development of horns seems 
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to have been a somewhat ineffective “attempt’’ at protection against the 
larger contemporary carnivores; it is to be noted that in Upper Eocene times 
rudimentary horns were developing independently in a number of separate 
lines of titanotheres. Lack of good brains and of good teeth seems to have 
been the main factor in their failure to succeed. Their diet must have con¬ 
sisted of extremely soft vegetation; for, despite the large amounts of food 
which must have been required for the sustenance of the huge body, the 
teeth could not undergo any great amount of wear. Any slight change in the 
vegetation and curtailment of soft food would readily have destroyed their 
hold on existence. 



Fiq. 328. —Manus of various perissodactyls. A, Hyrajcodon^ an Oligocene running rhinoceros; 
Trigonias^ an Oligocene four-toed true rhinoceros; C, Diceratherium, a three-toed primitive rhinoceros; 
Z), B<dtuihiihenumy a large Oligocene Asiatic rhinoceros with a pillar-like limb; Proiapirus validus, an 
Oligocene tapir; F, Titanotkerium; (7, Moropus, a chalicothere. {A after Scott; B after Hatcher; C after 
Peterson; H, F after Osborn; E after Wortman and Earle; 0 after Holland and Peterson.) 


Chalicotheres. —The characteristics of those most curious perissodac¬ 
tyls, the chalicotheres, are for the most part well illustrated in Moropus 
(Fig. 323, JT), of the American Lower Miocene. In general appearance (as 
well as in size) Moropus was probably rather horselike, although the front 
legs were somewhat longer than the hind. The perissodactyl nature of this 
beast is indicated by many features of the skull and skeleton. In the slim 
skull the general proportions were those of the horses of that age; the long 
slender nasals were a perissodactyl character. The cropping teeth were weak 
or absent in chalicotheres. Unlike the typical perissodactyls, the premolars 
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had remained comparatively small and simple; but the molars (which tended 
to remain low crowned) were rather similar to those of the titanotheres, with 
a double V in the lower molars and a W-shaped ectoloph above (Figs. 320, H; 
321, F). 



Fig. SiQ. —The pes of various perissodactyls. Hyracodon, an Oligocene running rhinoceros; B 
Diceratheriunit a Miocene rhinoceros; 0, Protapirus; /), Titanotherium; E, the chalicothere Moropus 
C'i after Scott; B after Peterson; B after Osborn; E after Holland and Peterson.) 



Fiq. S30 .—Brontopst a large Lower Oligocene titanothere. The specimen figured is a female, the short 
horns being a sex difference; original about 14 feet long. (From Osborn.) 


In the feet (Figs. 328, 0; 329, E) we have quite another story. There were 
in this genus three toes in each foot, and the manus was primitive in retain¬ 
ing a well-developed metacarpal for a small fifth digit (lost in other peris- 
sodactyl groups by that date). So far all is still orthodoxly perissodactyl. But 
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the digits, instead of bearing hoofs, were terminated by large fissured ungual 
phalanges, undoubtedly bearing not hoofs but stout claws. 

Such a feature is one quite unlooked for in a form which otherwise agrees 
so well with the hoofed groups considered in this chapter; for half a century 
or so after the first fragmentary remains of chalicotheres were discovered it 
was not imagined that skull and feet could possibly have pertained to the 
same form. Because of the claws, some are inclined even today to place these 
chalicotheres in a separate order or suborder. 

But the rest of the skeleton is so typically perissodactyl that we cannot 
refuse them admittance to this group. We must regard them as a specialized 
side branch of the perissodactyls in which the high development of claws is 
associated with some specialized habit of these forms. The long front legs of 
Moropus and other members of the chalicotheres have suggested to some a 
browsing habit in which the front feet may have been used in dragging down 
branches. But a more probable explanation is that the food consisted of roots 
and tubers and that the claws were used as digging organs. 

Older forms were present in the Eocene and Oligocene of both Eurasia and 
North America. The Eocene Eomoropus had attained only the size of a sheep 
and had (as usual in Eocene perissodactyls) a well-developed fifth finger and 
even a vestige of the pollex, unknown in other perissodactyls. 'J'he un¬ 
gual phalanges show little of the later compression into claw-bearing organs, 
and the dentition was unreduced and quite primitive. This form was not far 
from the common perissodactyl stock. 

While the Middle Miocene saw the extinction of this group in America, 
chalicotheres persisted much later in Eurasia, with forms in the Miocene and 
Pliocene, such as Chalicotherium, in which the front legs were much longer 
than the hind. Chalicotheres continued on into the Pleistocene in eastern and 
southern Asia and in Africa; but, despite this late persistence in the tropics, 
the group finally became extinct. 

Tapirs and related types. —^It has become clear in recent years that if 
the perissodactyl families be grouped into larger categories, one major as¬ 
semblage should include (despite their diversity in appearance) the forms 
considered up to this point; a second group should comprise the tapirs and 
rhinoceroses and their extinct kindred. One feature indicative of this di¬ 
chotomy is to be found in the construction of the upper molars (Fig. 320; cf. 
A, B, 0, H with C-F). Horses, titanotheres, and chalicotheres early ac¬ 
quired a powerful W-shaped ectoloph, and transverse ridges are either slow 
to appear (as in equids) or fail to develop at all. In the tapir-rhinoceros group, 
in contrast, the ectoloph is a simple structure, and emphasis is laid on the 
development of transverse protoloph and metaloph* 

Primitive living representatives of this latter group and forms which are 
still very close in many respects to the common ancestors of all perissodac- 
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tyls are the tapirs (Tapirus) of tropical America and the oriental region. 
Living in forest regions and on comparatively soft ground, they have per¬ 
sistently retained the primitive limb structure of their Eocene ancestors: the 
legs and feet (Figs. 328, E; 329, C) are short; ulna and fibula are still com¬ 
plete and unfused; and, as in the Eocene perissodactyls, there are four toes 
in the front foot and three behind. The tapirs are still browsers, with low- 
crowned teeth which have no cement covering. The canines are well devel¬ 
oped, and there has been no loss of teeth, although a moderate diastema is 
developed. The modern forms have molarized three premolars, as have the 
horses. All the cheek teeth (Figs. 320, E; 321, D) have a very simple pattern, 
the upper molars having a pattern of simple lophs while the lower teeth have 
developed two cross-crests. The one noteworthy specialization of the mod¬ 
ern tapir is the presence of a short proboscis, with the accompanying back¬ 
ward migration of the bony opening of the nose and shortening of the nasal 
bones found in all forms which have developed a trunk (Fig. 323, F ). 

True tapirs appeared, as the genus Protapirus, in the Oligocene of both 
Europe and North America. A number of Tertiary genera have been de¬ 
scribed, but all are very close to the modern type, and generic distinctions 
are slight. Specimens are few, presumably in relation to the forest-dwelling 
habits of the family, but (except for an absence of evidence of Pliocene Amer¬ 
ican forms) they persisted in the present north temperate regions of both 
hemispheres until the Pleistocene. With the climatic vicissitudes of this last 
epoch they became restricted to the tropics. In the Old World their final 
refuge has been the Malayan region; in the New, they successfully invaded 
South America. 

Although the tapirs in a narrow sense are not found before the Oligocene, 
there are numerous tapir-like forms in the Eocene, of which Homogalax 
(Fig. 320, F), Lophiodon, and Heptodon are representative. These are some¬ 
times grouped as “lophiodonts” but are currently thought better arrayed in 
three separate, but related, small families. The cheek teeth are of simple 
lophodont structure, with little of the molarization of the premolars seen in 
modern tapirs. Some of these genera may be close to the ancestry of true 
tapirs; others may be closely related to ancestral rhinoceroses; a majority, 
however, appear to represent short, sterile twigs of the perissodactyl family 
tree. Most were of rather modest size, but Lophiodon of the late Eocene of 
Europe was as large as a modern rhinoceros. This form was of ponderous 
build; others were more slender-legged, paralleling the early horses. 

Rhinocttroses. —^Among all the perissodactyl groups, the most compli¬ 
cated fossil history is that of the Rhinocerotoidea, the rhinoceroses and their 
relatives. At present there survive of the rhinoceroses only a few forms in the 
Old World tropics, but throughout most of the Tertiary they were exceed¬ 
ingly numerous m the northern continents. Starting from forms rather simi- 
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lar to the early tapirs, they have tended to diverge considerably from that 
group. In many cases there have developed hornlike structures, which, how¬ 
ever, are composed, not of bone or horn, but of a fused mass of modified hair. 
As contrasted with most equids, rhinoceroses have tended to grow to large 
size, usually with comparatively short, stout limbs in which digital reduc¬ 
tion has proceeded at a slow pace, for the fifth digit in the hand was present 
in some Oligocene forms, and a monodactyl stage has never been attained. 
The premolars have tended to molarize, but the row of cheek teeth does not 
greatly lengthen, and the face is usually comparatively short. The molars 
have a comparatively simple 7r-shaped pattern above, and in all later forms 
the last molar is reduced; the lower molars develop two asymmetrical cres¬ 
cents. The cheek teeth seldom tend to become very high crowned, and ce¬ 
ment is almost never present. The incisors and canines, however, are vari¬ 
able, and there are frequent losses and specializations. 

Running rhinoceroses. —The rhinoceroses are currently divided into 
four families, the two more primitive of which—^the Hyrachyidae and Hy- 
racodontidae—are frequently termed “running rhinoceroses.” Ilyrachyus 
(Figs. 320, C; 323, C) and a few closely related forms from the North Ameri¬ 
can Eocene were similar to the Eocene horses in build and still more similar 
to the tapiroid genera discussed above; the various species ranged in size 
from the dimensions of a wolfhound to those of a mustang. The complete 
dentition was present; but, while the essential features of the rhinoceros 
molar pattern were developed, the premolars were still simple and not mo- 
larized; the incisors were unspecialized, and canines were well developed. 
The legs were slim and rather like those of Eohippus, with four toes in front 
and three behind; the neck, in contrast with most later rhinoceroses, was 

long- , 

A second type of running rhinoceros is found in Hyracodon (Figs. 328, A; 
329, A; 331) of the North American Oligocene and its forerunners in the late 
Eocene of both North America and Asia. This genus was of rather large size, 
with the cheek teeth much more typically rhinocerotic and with the back 
premolars already molarized. Hyracodon was somewhat more specialized for 
a cursorial life than Hyrachyus, with long, slim legs and but three toes on 
front as well as hind feet. These evolutionary advances were very similar to 
those found in the contemporary horses but were not continued, for the 
group disappeared before the close of the period, perhaps because of unsuc¬ 
cessful competition with these rivals. 

Amynodonts. —^An early side branch, presumably derived from the primi¬ 
tive hyraeodonts, was that of the family Amynodontidae. These forms are 
found in the late Eocene and Oligocene of both Eurasia and America and 
persisted in Asia until the Miocene. They had about the general sme and 
proportions of a hippopotamus, and the conditions under which their re- 
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mains are found suggest that they were river-living forms. Metamynodon 
(Fig. 332) of the American Oligocene had short, massive limbs, still retaining 
four short toes in front and three behind. In the short, heavy skull the pre¬ 
molars had failed to molarize, several had been lost, and the incisors were 
also reduced; on the other hand, the canines and molars were much enlarged. 

Early true rhinoceroses. —^All remaining forms are commonly placed 
in a fourth family as true rhinoceroses, the Rhinocerotidae. It seems certain 
that these types were derived from early running rhinoceroses, but Eocene 
forerunners are represented by only a few questionable or poorly known 
types. The true rhinoceroses first became prominent in the Oligocene and (in 



Fig. 831. — Ilyracodon, an Oligocene running rhinoceros, about 6 feet in length. (From Osborn.) 


contrast with the contemporary running rhinoceros) tended to large size and 
stout limbs, while (in contrast with the amynodonts) the premolars became 
rapidly molarized. The cropping mechanism of true rhinoceroses is peculiar: 
a pair of incisors, the first upper and second lower, are always enlarged cut¬ 
ting teeth (in some late forms they may be secondarily lost), and a narrow 
muzzle with a pointed lip develops. The last upper molar is always simpler 
than the others, with ectoloph and metaloph forming a single continuous 
crest (Fig. 320, D), 

Trigonias (Fig. 328, B), Subhyracodon, Caenopus (Fig. 333), and related 
forms from the Oligocene of North America and Europe appear to represent 
the central stock of the true rhinoceroses. Caenopus had already attained 
fairly large size (the skull averaged well over a foot in length), and the limbs 
supporting the stocky body were stouter and shorter than in the hyracodonts 
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and comparable to those of modern tapirs. Four toes were still present in 
front in Trigonias, but the fifth toe was already small and had disappeared 
in Caenopus, All later types retained a three-toed foot. Incisor tusks were 
developed; and most of the other front teeth were retained, in contrast with 
later forms. The premolar teeth were at first simple but during the Oligocene 
tended to assume the molar pattern. The primitive Oligocene rhinoceroses 
were hornless (the matted hair of the “horn” fossilizes in relatively few cases, 
and our evidence for the presence of a horn usually consists of a roughened 
area on the skull for its attachment). 

A number of later Miocene and Pliocene genera, such as Aceraiherium of 
Eurasia and certain rarer American contemporaries, show relatively little 



Fig. 332.— Metamynodon^ an Oligocene amphibious rhinoceros (Amynodontidae), about 14 feet in 
length. (From Osborn.) 


change from the primitive pattern. These forms exhibit a tendency toward 
incisor reduction, but there is little evidence of horn development or other 
specializations. 

The evolutionary history of the rhinoceroses offers a strong contrast to 
that of the equids. In the horses we have seen that there was a main stem on 
the evolutionary tree with but a few short side branches; rhinoceros evolu¬ 
tion, on the other hand, may be pictured as a branching bush. There is no 
main evolutionary stem, but a complex of sprouts, the components of which 
are diflScult to disentangle. 

An early branch from the Caenopus stock is that represented by Dicera- 
therium of the American Miocene. This genus was quite similar to its Oligo¬ 
cene ancestors except for the fact that the males possessed small horns; but, 
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unlike those of other later horned rhinoceroses, these horns were placed side 
by side at the tip of the nose. 

Giant rhinoceroses. —Equally prompt to appear was a much more spec¬ 
tacular and aberrant group including Baluchitherium (Fig. 323, D) and re¬ 
lated huge hornless forms from the Oligocene and early Miocene of Asia. 
These were the largest of known land mammals. The head of Baluchitherium 
was about 4 feet in length but, even so, was small in proportion to the body 
size. This great beast must have stood about 18 feet high at the shoulders, 
with a long neck which, combined with long front legs, enabled him to browse 
on the higher branches of the trees. The grinding teeth were like those of 
Caenopus, while the single pair of blunt incisors, which were his only front 



Fig. 333 .—Caenopus tridactylust an Oligocene hornless rhinoceros, about 8 feet in length. (From 
Osborn.) 


teeth, are easily derivable from those of the more primitive Oligocene forms. 
The limbs, as would be expected, were massive but long, and pillar-like. 
There is even considerable elongation of the metapodials, which were stout 
and placed close together in a pillar above the three stubby toes (Fig. 328, D ); 
the lateral digits were more reduced than in any other rhinoceroses. 

Later rhinoceros types. —^Beyond the Oligocene, rhinoceroses became 
relatively rare in America and died out during the Pliocene; in Eurasia, on 
the other hand, there are numerous and varied genera in Miocene, Pliocene, 
and even Pleistocene deposits. The various phyletic lines are incompletely 
established; however, at least five end-types can be distinguished and are 
listed below. 
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1. The short-legged rhinoceroses, such as Teleoceras and its relatives of 
the Miocene and Pliocene. These are round-bodied, stubby-limbed, and 
broad-footed beasts with a build like that of a hippopotamus and presum¬ 
ably similar amphibious habits. Technically they were horned, for there is a 
rugose area indicating the presence of at least a rudiment of this structure at 
the tip of the nasals. Alone of all the groups mentioned in this section, these 
rhinoceroses penetrated into North America, where abundant remains of 
Teleoceras have been found in early Pliocene deposits. 

2. The term Rhinoceros in a narrow sense is confined to the large Indian 
“unicorn” and a smaller relative from Java, in which there is a single mas¬ 
sive horn on the nasal bones and both incisor tusks have been retained. 
There are forms presumably ancestral in the later Tertiary of Eurasia. 

3. Resembling the Indian rhinoceros in a single-horned condition but 
differing in the loss of incisors and other features, was Elasmotherium of the 
Pleistocene of the northern plains regions of Eurasia. This was a very large 
mammal; a great swelling, nearly a foot in diameter, on the frontal bone 
suggests the presence in life of a huge horn on the forehead. The name refers 
to the fact that the teeth, although possessing the basal rhinoceros pattern, 
have a wavy, straplike outline of the enamel. A Pliocene Asiatic form of 
simpler structure and smaller size appears to be ancestral. 

4. Dicerorhinus of Sumatra is a two-horned rhinoceros; but, in contrast 
to the early diceratheres, the horns are here placed one behind the other, 
tandem fashion, and in the living form are of small size. This form has re¬ 
tained incisor tusks. Recent research indicates that the Pleistocene Coelo- 
donta is related to the Sumatran form. This was the woolly rhinoceros of 
northern Eurasia, adapted to a cold climate. Of it we know far more than the 
skeleton; it was a favorite subject for Old Stone Age artists, and specimens 
“embalmed” in a waxy material in an oil seep have been discovered in Gali¬ 
cia. Ancestors of these Eurasian tandem-horned rhinoceroses have been 
traced back through the Tertiary to Oligocene times. 

5. A final group is that of the African tandem-horned genera, the living 
“white” {Ceratotherium) and “black” {Diceros) (Fig. 323, E) rhinoceroses of 
Africa. In contrast to DicerorhinuSy the horns are much elongated and in¬ 
cisors are absent. Their exact ancestry is uncertain; it is possible that they 
developed in Africa, and our knowledge of fossil rhinoceroses from that con¬ 
tinent is extremely limited. 

The history of the rhinoceroses has, in general, run a course parallel to 
that of the related horses but with emphasis on bulk rather than on speed. 
Eocene and early Oligocene members of both groups tended to vary widely, 
producing in the case of the rhinoceroses not only running types but the large 
amynodonts. In the Oligocene the rhinoceroses, in the main, settled down to 
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become a group of forms characteristically much larger than the horses but 
more conservative in that most remained browsing forms. Like the horses, 
they were abundant in late Tertiary and Pleistocene times but are now lim¬ 
ited to a few Old World types. 

With the rhinoceroses we terminate our account of the perissodactyls. All 
five main groups had appeared early in the Eocene, and during the early 
part of the Tertiary they flourished greatly. By the Miocene, however, they 
were beginning to lose somewhat in relative importance. In Pleistocene 
times horses and rhinoceroses still flourished. Today the perissodactyls are 
but an insignificant part of the world’s ungulate population. 



CHAPTER 23 


ARTIODACTYLS 

T he order Artiodactyla—the even-toed ungulates—includes a great 
variety of living hoofed mammals, such as the pigs and peccaries, 
hippopotami, camels, deer, cows, sheep, goats, antelopes, and their 
relatives, together with many important extinct types. Exceeded in numbers 
in early Eocene formations by the perissodactyls, they have succeeded in far 
outdistancing their rivals and are the dominant hoofed mammals of later 
Tertiary and Recent times. 

Structure. —The most obvious and characteristic feature of the group is 
the type of toe reduction; for, whereas almost all other ungulates tend to 
have a mesaxonic foot with the axis through the third toe, the artiodactyls 
are paraxonic, with the axis between the third and the fourth toes. Pollex and 
hallux are rarely found, even in early forms. Four-toed types are common in 
the earlier part of the Tertiary; the pigs and hippopotami are still four-toed, 
and vestigial lateral “dew claws’’ are present in many other forms. The high¬ 
er types tended early to reduce the toes to two on each foot, giving the typi¬ 
cal “cloven hoof” in which the two principal metapodials fuse together in¬ 
to a cannon bone. 

In contrast with perissodactyls, there is no third trochanter on the femur. 
The ulna is reduced and in higher forms fuses with the radius; and the fibula, 
too, is usually incomplete or fused with the tibia. In the carpus the three 
proximal elements are always separate, but in the distal row the magnum 
and trapezoid fuse in some advanced types to support the third metacarpal, 
while the unciform supports the fourth. The astragalus (Fig. 286, C) is the 
most characteristic bone in the skeleton, for it has not only a rolling surface 
above but an equally developed lower pulley surface, giving very great free¬ 
dom of motion to the ankle. The astragalus rests equally on the navicular 
and the cuboid (these two elements are fused in many types [cf. Fig. 350]), 
The cuboid lies above the fourth toe, the outer of the two principal digits, 
while the navicular transmits half the weight to the third toe through the 
ectocuneiform (the other cuneiform bones tend to be reduced). 

The dentition was complete in many of the early types, as it is still in the 
pigs. The most primitive forms known had normal incisors and rather large, 
carnivore-like canines. The premolai^ were simple, and the molars in the 
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simplest forms were of the primitive tritubercular pattern with rather buno- 
dont cusps. From this primitive pattern, not so different from that of primi¬ 
tive carnivores, there have been great variations. 

The incisors are often reduced; and the upper ones are absent in the more 
advanced types, their place as a cropping organ being taken functionally by 
the gums over the premaxillae. The upper canines often form defensive tusks; 
the lower ones sometimes take on the aspect of incisors. A diastema has 
usually developed, and the first premolar is frequently absent. The premo¬ 
lars, in contrast with those of perissodactyls, do not usually assume the full 
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Fio. 334.—Provisional phylogeny of the artiodactyl groups 


molar pattern but remain comparatively simple (cf. Fig. 336). The cheek 
teeth, primitively low crowned, have become hypsodont in many forms. As 
in other herbivores the molars (Fig. 337) almost always take on a four-cusped 
pattern. The rather bunodont primitive condition may be emphasized, as in 
the pigs; but usually each cusp develops into a crescent, giving the typical 
selenodont pattern of. the higher artiodactyls. In this process the outer cusps 
tended to become crescentic before the inner ones, giving a buno-selenodont 
condition in some fossil forms. 

One peculiar feature, however, is found in the upper molars. In most mam¬ 
mals the posterointernal cusp of a foiu*-cusped molar is obviously the hypo- 
cone. A hypocone is present in a few early artiodactyls (Fig. 337, J?), but in 
the great majority of the group (including all living forms) it seems probable 
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that the posterointernal cusp is not the hypocone but an enlarged metaco- 
nule and that the hypocone has never developed. In most Eocene forms we 
find five-cuspcd teeth, with protocone, protoconule, and paracone in the 
front half and metaconule and metacone in the posterior half of the tooth 
(Fig. 337, C, ff, K), Toward the end of the Eocene the protoconule disap¬ 
pears in most lines, leaving protocone, paracone, metaconule, and metacone 
as the four definitive cusps (Fig. 337, E-G, /, L-P). 

There are typically nineteen thoracic and lumbar vertebrae. The clavicle 
is, as might be expected, rarely present. 

Many forms have a postorbital bar, and there is always at least a post¬ 
orbital process. The front part of the skull is sharply bent down on the brain- 
case in some advanced forms; the frontals tend to be large, the parietals, on 
the contrary, reduced. There are interesting variations in the development 
of the mastoid region (Fig. 335). In primitive mammals this region of the 



Fig. 335. —Lateral (and somewhat ventral) views of the posterior part of the skull in A, the anoplo- 
there Diplobune, and the peccary Dicotyles^ to show the contrast between mastoid and aniastoid artio- 
dactyls. In A the mastoid is widely exposed on the surface of the skull between the squamosal and the 
exoccipital; in B this area is occupied by an extension of the squamosal. Abbreviation: e, external 
auditory opening; eo, exoccipital; gl, glenoid cavity; m, mastoid; sq, squamosal; tb» tympanic bulla. 
(After Pearson.) 

ear ossification appears to have been well exposed on the surface of the skull 
at the posterolateral corner of the braincase, between the exoccipital and 
the squamosal. This is still the case in living ruminants; but in the “swine” the 
squamosal has grown back to meet the exoccipital over the area once oc¬ 
cupied by the mastoid, and this last no longer reaches the surface. 

Classification (cf. Fig. 334).—^The artiodactyls appear in the fossil 
record at the beginning of true Eocene times. These earliest types were quite 
primitive in many respects, with simple teeth implying a mixed diet and with 
features which suggest a relationship to the primitive carnivores. Neverthe¬ 
less, such distinctive artiodactyl features as the double-pulleyed astragalus 
were already developed, and it is obvious that the ancestral forms must have 
been undergoing development in some unknown area in Paleocene times* 
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Inconspicuous at the beginning of the Eocene, the artiodactyls had devel¬ 
oped into a great variety of types by the end of that period. Many of these 
have since become extinct, but others are indicative of the lines of descent 
leading to the existing forms. 

The classification of living artiodactyls is simple. They comprise: (1) the 
suborder Suina, or swine in a broad sense—pigs, peccaries, and hippopotami; 
(2) the suborder Ruminantia, cud-chewers, which include (a) the Tylopoda, 
or camels, and (b) the Pecora, the deer-giraffe-antelope-cattle group; the 
little chevrotains (tragulids) of the Old World tropics are sometimes treated 
as a separate group, sometimes (as here) considered to be primitive pecorans. 



Fig. 336. —The cheek teeth of artiodactyls. Left, teeth of upper right side; right, teeth of lower left 
side. A, Merycochoerus, a Miocene oreodon, Xf approx.; B, Camelops, a Pleistocene camelid, C, 
Archaeomeryx, a primitive fossil pecoran, X| approx.; D, Chleuastockoerus, a Pliocene pig, X|. after 
Loomis; B after Merriam; C after Matthew; D after Pearson.) 


The “swine” have bunodont molar teeth, canine tusks, four-toed feet with 
separate metapodials in most cases, a simple stomach, and a concealed mas¬ 
toid region. The living ruminants have selenodont molars; the upper incisors 
are small or absent; the upper canines are sometimes enlarged in males as 
weapons but are usually reduced or lost; the feet are usually two-toed, with 
a cannon bone; there is a compound ruminating stomach; and the mastoid is 
exposed on the surface. 

But when the fossil forms are included, such an easy separation is impos¬ 
sible; we are confronted with a large array of families which are intermediate 
in many respects between eidisting types or belong to eirtinct side branches. 



VERTEBRATE PALEONTOLOGY 


The various classifications that have been made vary greatly. This refiects the 
fact that in the early artiodactyls the features of teeth, skull, and feet which 
are useful in distinguishing the two major existing groups were present in 
variable and confusing combinations. However, when the Eocene forms are 
viewed broadly, it becomes evident that the forms present were, for the 
most part, tending in two major directions: on the one hand, toward types 
with bunodont dentitions, incisors, and canines of primitive type and an 
“amastoid” ear region and, on the other, toward animals with selenodont 
cheek teeth, modified front teeth, and a persistently exposed mastoid region. 
We are thus justified in adhering essentially to the type of classification used 
for modern forms in making a major division into two suborders, Suina and 
Ruminantia, although adding a third category, Palaeodonta, for certain 
early and primitive types close to the point of origin of the order. 

Archaic artiodactyls: the palaeodonts. —^An assemblage of small 
artiodactyls from the Eocene and early Oligocene (mainly in North Ameri- 



Fig. SS7.—^Right upper molar teeth of artiodactyls. Diacodexist a Lower Eocene form with tri- 
tubercular molars; B, Dickobune, a hypocone present, in contrast with most members of the order; C, 
Anihracotheriumt a bunoselenodont, five-cusped molar; D, Archaeotkerium^ an entelodont, with a piglike 
tooth but hypocone developed; E, PUUygonuSt a peccary; F, erymanthus, a Pliocene pig; G, a Pleisto¬ 
cene Hippopoiamiis; H, Anoploiherium, a bunoselenodont type with protoconule still present; /, Caeno^ 
tkerium, with protocone migrated to back half of tooth; J, Oreodon^ a simple, four-cusped selenodont 
tooth; Kt Xiphodon; L, AlHcamelus, a Pliocene camel; 3/, Samoiherium^ a Pliocene giraffe; iV, Dicrocerust 
a primitive deer; 0, Tetrameryxt a Pleistocene prongbuck; P, Tragocertis^ a Pliocene bovid. {A after 
Sinclair; P, I after Stehlin; C, P, ff, P after Gaudry; E after Osborn; G after Cuvier; K, N after Schlosser; 
L after Cook; M after Ringstrdm; 0 after Lull.) 

ca) is that including such genera as Diacodexis and Homacodon of America 
and the European Dichobune, Many are inadequately known, and there is 
some variety in their structure, but this group includes the oldest and seem¬ 
ingly the most primitive of known artiodactyls. They are in many respects 
close to the primitive placental stock; and, were it not for the discovery in 
some instances of a typical artiodactyl astragalus associated with them, their 
position as artiodactyls (rather than insectivores or primates) might be 
questioned. There are few remains of the postcranial skeleton, but the limbs 
appear to have been generally short and primitive, with four functional toes 
and presumably a small poUex in some forms. The sktill, as seen in Hamaco- 
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don (Fig. 343, A) was low and moderately elongate, and it is probable that 
the mastoid was generally exposed in primitive placental fashion. The molar 
teeth in the earlier Eocene genera were neither markedly bunodont nor 
markedly selenodont but showed a pattern of moderately blunt cusps; se- 
lenodont tendencies appear in most later genera. In Diacodexis (Fig. 337, A) 
the upper molars are still in the primitive tritubercular stage seen in many 
Paleocene mammals; and this condition persists in a few rare Oligocene 
forms, such as Leptochoerus. However, the group here considered differs 
from nearly all other artiodactyls in that some later Eocene and early Oligo¬ 
cene forms developed a hypocone, giving a six-cusped tooth (Fig. 337, B) in 
the fashion of “normal” placentals and in contrast with more characteristic 
artiodactyls. Homacodon and other American types retained primitively en¬ 
larged canines, as in the later swinelike artiodactyls; Dichobune, on the other 
hand, reduced its canines so that its teeth form a rather uniform and con¬ 
tinuous row, as in many early ruminants. 

The late Eocene and Oligocene members of this archaic assemblage appear 
to be end-forms, without descendants; the earlier Eocene genera, however, 
may well be the true ancestors of later artiodactyls. How to classify them 
formally is a problem without any satisfactory solution; they are neither 
good swine nor good ruminants. One solution, adopted here, is to place them 
in a separate basal artiodactyl group as the suborder Palaeodonta. 

Primitive swine. —In the suborder Suina we shall here treat of the pigs, 
peccaries, hippopotami, and a number of fossil groups which may be asso¬ 
ciated with them. In almost none of these forms is there any development of 
a selenodont pattern in the teeth; on the contrary, there is usually a highly 
developed bunodont condition. The limbs are short and quite primitive in 
nature, generally with foiu* well-developed toes. A cannon bone is almost 
never formed, and the lower leg bones (in contrast to higher ruminants) al¬ 
most always remain separate. The stomach is always simple, and the diet 
of the swine is a mixed one. In typical members of the group the skull shows 
an amastoid condition. Applying these diagnostic characters to fossil types, 
we find that in the Suina, in a broad sense, we may include not only the sur¬ 
viving groups mentioned but also the entelodonts or “giant pigs” and the 
anthracotheres, both prominent in Middle Tertiary faunas. 

The Suina are first seen in the Eocene in forms which presumably arose 
from members of the palaeodont stock. In the middle and later Eocene there 
are various genera which show evidence of a trend toward characteristic 
features of the suborder. The teeth are definitely bunodont and often show 
a pattern of five cusps (reduced in most cases to four at about the end of the 
period); the canines remain prominent; most show an amastoid condition. 
Some, like Achasnodxm (Fig. 338, A) and Cebochoerus, are short-faced forms 
which have left no known descendants. Others, such as Hehhym and Clwero- 
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potamus, are longer faced and may as a group be ancestral to the character¬ 
istic Suina of later periods. 

Entelodonts. —One offshoot of the primitive “swine” stock which early 
rose to prominence and early disappeared was the family Entelodontidae, 
the “giant pigs” which flourished in Oligocene times. Common Oligocene 



Fio. 338.—Skulls of piglike artiodactyls. Achaenodon, an upper Eocene *‘short>faced pig*’* skull 
length about 15 inches; B, Arckaeotherium, an Oligocene entelodont* average skull length about 18 inches; 
C, Bothriodon, an Oligocene anthracothere, length of skull about 17 inches; D, a Pleistocene European 
Hippopotamust skull length about 2 feet; E, C/Ueuastochoerus, a late Tertiary pig from China (boar), 
skull length about 12 inches; F, Perckoertis, an Oligocene and Miocene peccary, skull length about 10^ 
inches. (A, F after Peterson; B, C after Scott; D after Reynolds; E after Pearson.) 

genera were Entelodon in Europe, and the similar Archaeotherium (Figs. 337, 
D; 338, B) in America. Last and largest of the group was DimhyiLS (Figs. 
342, C; 339) of the early Miocene of America. The entelodonts were large 
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forms, with huge skulls often reaching nearly a yard in length. The incisors 
were long and pointed; the canines, heavy and showing wear-grooves sug¬ 
gesting a root-eating diet. The premolars were simple; the molars were rela¬ 
tively small, with bunodont cusps. In the upper molars there is thought to 
be a true hypocone, which we have noted as found elsewhere only in some 
very primitive forms. The skull was much elongated, especially the facial 
region, while the braincase was small; a postorbital bar had already devel¬ 
oped. A large flange was present on the zygomatic arch and two tuberosities 
on the lower jaw. Their functions are uncertain; perhaps they were for muscle 
attachments. The neck was short; there were high spines in the anterior 



Fig. 339. — Dinohyus^ a giant piglike artiodactyl (Entelodontidae) from the Lower Miocene of Ameri¬ 
ca; original about lOj feet long. (From Peterson.) 


thoracic region for the support of the heavy head, giving the back a humped 
appearance. Radius and ulna were fused; and, although no cannon bone was 
formed, the lateral toes were reduced to vestiges. These large beasts were not 
closely related to the true swine but resembled them in many features and 
may have been similar in habits. 

Pigs and peccaries. —^The most widespread of Suina in late Tertiary 
times and, except for the hippopotamus, the only survivors of the group are 
the pigs and peccaries. In these forms the skull (Fig. 338, JE, F), low in front, 
ascends steeply toward the back of the head. The orbits are open behind. The 
canines have a persistent growth and are especially powerful in the males. 
The dentition (Fig. 336, D) is often complete, but an incisor or the first pre- 
molar may drop out. The lateral toes, although usually complete, are small 
and fimction only on soft ground. 
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The typical pigs ai-e Old World forms and have never penetrated America. 
A characteristic pig feature is that the upper canines curve outward and up¬ 
ward, a peculiarity which reaches its extreme in the babirussa of the East 
Indies, in which these teeth coil upward in hornlike fashion over the fore¬ 
head. Besides the typical wild boar and the domesticated varieties [Sus), 
various specialized types are present in the Old World tropics. There were 
numerous genera of fossil pigs in the Pliocene, Miocene, and Oligocene of 
Eurasia. True pigs are unknown in the Eocene, but some of the rather poorly 
known Suina of that period may be reasonably regarded as swine ancestors. 

The living peccaries of the New World (Dicotyles) are obviously related to 
the pigs but have had a long separate history. A key character is found in the 



Fio. 340 .—Bothriodout an Oligocene anthracothere, about 5 feet in length. (From Scott.) 


fact that the upper canines have remained in the normal vertical position. 
^The molars (Fig. 337, E) are comparatively short and are simple in appear¬ 
ance in contrast with the wrinkled teeth of the Old World hogs (Fig. 337, 
F). In some peccaries the side toes are much reduced (Fig. 342, B). There is 
the beginning of the formation of a cannon bone, and radius and ulna be¬ 
come fused. In these features the peccaries are much more progressive than 
their Old World relatives. 

The modern peccary ranges through South America, which continent it 
presumably reached only in the Pleistocene, and as far north as Texas, In 
the Pleistocene, Plalygonus (Fig. 341) and several other forms were wide¬ 
spread in temperate North America. The oldest^known American peccary is 
Perchoerus [ThinohyiLs] (Fig. 388, F), of the Oligocene. It seems certain that 
the peccaries are an offshoot of the primitive pigSi and certain Ol^ocen^^ and 
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Miocene Eurasian genera appear to represent persistent Old World pec¬ 
caries. 

Anthracotheres. —Anthraxiotherium and Bothriodon (Figs. 342, A; 338, 
C; 340) were typical members of a group of rather large but primitive artio- 
dactyls common in the middle Tertiary of the Old World. The general im¬ 
pression is that of a rather piglike form. The limbs were short, with four 
functional toes and with a persisting pollex in early genera. The skull was 
low and generally with a long facial region. Except in some Eocene genera, 
the mastoid exposure had been reduced, as in the Suina generally. The denti¬ 
tion was complete, with incisors and canines normally developed. The mo- 



Fio. S41.— PlatygonuSt a Pleistocene peccary, about feet long. (From Hay.) 


lars were low crowned; some early anthracotheres were bunodont, but later 
forms (exceptional in the present suborder) tend to develop a simple seleno- 
dont pattern. In most anthracotheres the five-cusped, upper-molar pattern 
characteristic of ancestral types persisted. The position of the anthracotheres 
has been much debated; but, except for the selenodont tendency in the cheek 
teeth, their affinities seem clearly to lie with the swine group. 

The conditions under which anthracothere remains are found strongly sug¬ 
gest that they were amphibious, comparable in habits to the later hippopot¬ 
ami. Numerous remains of early anthracotheres have been found in the Up¬ 
per Eocene of Asia, and that continent appears to have been the center of 
development of the group. 

Anthracotherium was a long-lived Old World genus. Bothriodon [Ancodus] 
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was one of several genera which invaded North America in the Oligocene and 
Miocene; the group made little headway in the Western Hemisphere, how¬ 
ever, possibly owing to competition with oreodonts of similar habits. In the 
Old World, Meryco'potamus was a late survivor in the Pleistocene of the 
tropics. 

Hippopotami. —The hippopotamus is the only living amphibious artio- 
dactyl. All known forms, living or fossil, may be included in the single genus 
Hippopotamus (Figs. 337, G; 338, D) and have been confined to the Old 



Fiq. 342. —Feet of various artiodactyls. Manus above, pes below. Bothriodon, an anthracothere; 
B, Mylohyusy an advanced Pleistocene type of peccary, with side toes reduced in front, lost behind, and a 
cannon bone formed in the pes; C, DinokyiUy a Lower Miocene entelodont; 2?, Diplobuney an aberrant 
three-toed anoplothere; JEJ, AgriochoerttSy a clawed Oligocene American selenodont. In this and in F, 
Oreodoriy the pollex is preserved. {A after Kowalevsky; B after Brown; C after Peterson; D after Schlosser; 
Ey after Wortman; F after Osborn.) 

World. The hippopotamus lives on soft, water vegetation which is cropped 
with the heavy anterior teeth and lips. The incisors, flanked by the canines, 
are set in a transverse row in the broad snout. All the teeth are present in the 
hippopotamus except the outer incisors, and even these were present in 
5 ome fossil types. The molars are rather piglike, bunodont with four major 
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cusps. The eyes are small and, in correlation with the amphibious habits, are 
set high up on the skull; there is the beginning of a postorbital bar. The 
plump body is supported by short, stout legs; four toes, all functional, are 
present in the broad foot. Today the hippopotami are confined to Africa, but 
in the Pleistocene they were widespread in the warmer regions of the Old 
World. A form similar to the larger African races was abundant in Europe, 
while pigmy types were present on some of the Mediterranean islands and in 
Madagascar (a pigmy is found today in Liberia). In the Pliocene, hippopot¬ 
ami were present in the Mediterranean area and India, those from the latter 
region being the more primitive in the possession of the complete set of in¬ 
cisors. Earlier than this their history is uncertain. There is, however, consid¬ 
erable evidence that they are descendants of the anthracotheres, which they 
resemble in their mode of life and in some structural features. Most anthra¬ 
cotheres were long snouted, but Merycopotamus of the later Tertiary has an 
expanded muzzle suggesting the initiation of hippopotamus snout special¬ 
izations; further, while most anthracotheres had five-cusped upper molars, 
this genus has reduced to a four-cusped type, from which the hippopotamus 
tooth might have been derived. 

Primitive ruminants: the tylopod assemblage. —^Much more numer¬ 
ous than the Suina in both fossil and Recent states are the Ruminantia; 
camels, deer, giraffes, and cattle are but a few conspicuous representatives 
of a vast array of ruminant types. As the name implies, the cud-chewing 
habit, associated with the development of a complicated stomach, is a diag¬ 
nostic feature. Numerous common characters or trends are likewise present 
in the skeleton. The cheek teeth are invariably selenodont in pattern; the 
anterior portion of the dental series is much modified, usually with reduction 
of the canines; the mastoid region remains exposed on the surface of the 
skull; the limbs are elongated in modern genera, with marked reduction of 
the lateral toes and with cannon-bone formation. 

The living ruminants are divisible into two groups, or infraorders, Tylop- 
oda and Pecora, the first including only the camels and llamas, the second 
all the remaining forms. Of the two, it is obvious that the Tylopoda are the 
more primitive, despite specializations seen in living genera. Carpal and 
tarsal bones, fused to a greater or lesser degree in Pecora, remain distinct. 
In pecorans the lower canine has become incisiform, so tnat there appear to 
be four spoon-shaped incisors in each jaw half, and in all living members of 
the group the upper incisors are lost; the modern camel dentition has been 
modified to a lesser extent, although there may be reduction and change. 
If we trace the ancestry of the Pecora back through the Tertiary, we find 
that they are relatively rare in the Oligocene and almost unknown in the 
Eocene. The camels, on the other hand, when followed back to the Eocene, 
ai*e seen to take origin from a varied array of early and primitive riuninant- 
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like artiodactyls which decrease in importance in later Tertiary stages. This 
complex of primitive ruminants is sometimes included, in whole or in part, 
under such terms as Bunoselenodontia, Protoselenodontia, or Ancodonta. 
We shall here include them in the Tylopoda in a broad sense, although recog¬ 
nizing that the modern camels are specialized remnants rather than general¬ 
ized representatives of this archaic ruminant group. 

In Eocene groups included in the Suina we have noted the appearance of 
genera which tended to preserve a primitive short-limb structure and a prim¬ 
itive disposition of the incisors and canines, coupled with the development 
of five-cusped upper cheek teeth with a bunodont pattern. Most of the early 
ruminants here included in the Tylopoda agreed with them in a conserva¬ 
tive limb structure and in an upper molar pattern of five cusps in most Eo¬ 
cene genera (later types reduced to four). In other respects, however, they 
differed sharply from the swinelike forms. The cheek teeth rapidly assumed 
the selenodont pattern of modern ruminants, and (perhaps with the adop¬ 
tion of a purely herbivorous diet) the anterior part of the tooth row changed 
markedly. Instead of the generalized condition of sharply accentuated ca¬ 
nines separating incisors from premolars, the teeth here tended to become 
evenly graded without break from incisors past the canines to the adjacent 
premolars. The lower canines are always reduced and are hard to distinguish 
from their neighbors. The upper canines are sometimes prominent; but when 
this condition is found in later camels, it is surely due to secondary growth 
of the canines; and the same history may be true in other instances. 

In this tylopod group of primitive ruminants we include the Caenotheri- 
idae, Anoplotheriidae, Oreodontidae, Agriochoeridae, Camelidae, and Xiph- 
odontidae. These families were prominent in the late Eocene and Oligocene. 
Beyond that time, however, only the oreodonts and camels of America per¬ 
sisted into the later Tertiary, and of the entire assemblage only the highly 
specialized camel family has survived. 

Caenotheres. —Caenotherium and related genera characteristic of the 
late Eocene and Oligocene of Europe form a family which in most respects 
shows the primitive tylopod features in diagnostic fashion. Caenotherium 
(Figs. 337, 1; 343, D; 344) was about the size of a hare, and curiously sugges¬ 
tive of hares and rabbits in a number of structural features. This does not, 
of course, imply any relationship but indicates the possibility that caeno¬ 
theres (and perhaps the small ancestral ruminants in general) were not un¬ 
like the hares in habits and adaptations. Five toes persisted in the manus 
and four in the pes, but the hind legs were rather elongated, suggesting a 
boimding (although perhaps not a truly hopping) gait. In the skull the audi¬ 
tory bullae were enormous (as they tend to be in many small mammals), and 
the antorbital region was fenestrated much as in lagomorphs. The tooth row 
was an even and continuous one, with the canines indistinguishable from 
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their neighbors. The one nontylopod specialization of the caenotheres is that 
the protocone has tended, during the evolution of the family, to shift from 
the front to the back part of the selenodont upper molars. 

Anoplotheres. —second group of archaic Old World tylopods is that 
of the family Anoplotheriidae. These forms were common in the late Eocene 
and earliest Oligocene of Europe. Primitive members of the family resembled 
the caenotheres greatly, but in their five-cusped molars the protocone re¬ 
tained its normal position in the front half of the upper molars. Some of the 
anoplotheres became highly specialized. Diplobune, for example, developed 
a peculiar three-toed type of foot; Anoplotherium (Fig. 343, 5), common in 



Fig. 843. —Skulls of some early artiodactyls. A, Homacodonf a primitive Eocene protodont type (jaw 
restored from a related genus); B, AnoploBieriunit a late Eocene anoplothere, skull length about 
14 inches; C, Oreodon culbertsoni, an Oligocene oreodont, length of skull about 5 inches; D, Caenotheriumt 
length of skull about 3 inches. {A after Sinclair; B after De Blainville; C after Leidy; D after Schlosser 
and HUrzeler.) 

the late Eocene of Europe, grew to be about 3 feet high at the shoulders and 
retained bunodont inner molar cusps (Fig. 337, H) with a rather peculiar 
pattern. 

Oreodonts. —The two families just described are unknown in North 
America. In the late Eocene of this continent, however, there existed, con¬ 
temporary with the European anoplotheres, a varied series of selenodont 
artiodactyls in which short limbs* five-cusped upper molars, and a tendency 
toward an evening-up of the tooth row are features frequently encoimtered. 
Some of these genera are thought to be ancestral to camels and to more pro¬ 
gressive ruminant groups and will be considered later. At this time, how^ 
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ever, there were present still other genera which in most respects exhibit the 
diagnostic features of the early Tylopoda but were destined to give rise to 
the most successful of American ungulates of the Middle Tertiary—the 
oreodonts of the family Oreodontidae (Merycoidodontidae). 

Typical oreodonts tended to be rather heavily built animals (Fig. 345), 
somewhat piglike in general appearance, with short limbs, always four toed 
and in some cases even with a small pollex (cf. Fig. 342, E), The teeth (Fig. 
336, A), on the other hand, indicate relationship to the ruminants. The tooth 
row was unbroken, without diastema or loss of teeth; the upper canine was 



Fig. 844. —The skeleton of Caenotherium^ a small Oligocene ruminant; length of original about 1 
foot. (After HUrzeler.) 


a stout and moderately projecting chisel, but except for this the dentition 
was comparable to those of the other primitive tylopods just described. The 
lower canine had been reduced to the size of the incisors and had been func¬ 
tionally replaced by a somewhat enlarged first premolar—a feature which 
we shall see repeated in some more progressive ruminants. The cheek teeth 
were strongly selenodont in pattern, usually brachyodont, but rather high 
crowned in some large and late genera. In typical oreodonts the upper mo¬ 
lars are four cusped (Fig. 337, J). but in the earliest, Upper Eocene members 
of the family the five-cusped pattern was still present. The skull was large, 
the orbit usually closed behind; there was often an antorbital pit or opening 
presumably containing a facial gland as in higher ruminants. 

This combination of a piglike body build with a more progressive dental 
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structure has led to the popular name of "‘ruminating swine” for the oreo- 
donts. They seem surely, however, to belong to the ruminant stock and in 
almost every way to fit into the general group of archaic ruminants with the 
caenotheres and anoplothcres. But while these European families were rapid¬ 
ly eliminated, the oreodonts of North America flourished for most of the 
Tertiary, perhaps owing to less intensive competition from higher artiodac- 
tyls. There are a few forms from the late Eocene, such as Protoreodon, which 
are more primitive than the later genera in the open orbit and retention of 
the fifth cusp in the upper molars; had they not given rise to later types they 
might well have been included in the anoplotheres. In the Oligocene began 
the expansion of the oreodonts; during the Oligocene and early Miocene, 
oreodont fossils outnumber all other mammals combined in North American 



Fig. 345. — PromerycockoeruSj a Lower Miocene oreodon; original about feet long. (From Peter¬ 
son.) 


continental strata; the major collecting grounds in the Big Bad Lands of 
South Dakota, for example, are known as the “Oreodon beds” because of the 
abundance of the characteristic Oligocene genus Oreodon [Merycoidodon], A 
score of genera were developed. For the most part they remained conserva¬ 
tive in structure, but later Miocene genera (such as Proinerycochoerus [Fig. 
345], Merychyus, and Pronomotherium) and early Pliocene survivors showed 
specialization in increase in size, development of hypsodont teeth, loss of in¬ 
cisors, and (in the last-named genus) a retreat of the nasal opening, indicat¬ 
ing proboscis development. 

Agriochoeres. —^A second American group of primitive tylopods is that 
of the Agriochoeridae, including Agriochoerus and a few other late Eocene 
and Oligocene genera. In many respects these forms resembled the oreo¬ 
donts, and, indeed, they are sometimes included in the same family. A strik¬ 
ing difference, however, lies in the fact that the feet (Fig. 342, E) bore claws 
instead of hoofs and that the tail was elongated. These forms were persistent- 
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ly primitive in the retention of a pollex. In Agriochoerus the upper incisors 
were lost, and the biting mechanism was presumably similar to that of the 
higher ruminants. It is difficult to be sure of their mode of life. Perhaps, like 
the chalicotheres, they ate tubers, while the normal oreodonts may have 
lived upon soft riverside vegetation, and some of them were probably am¬ 
phibious. 

Camels. —^The sole surviving family of the tylopod group is that of the 
Camelidae, represented today by the Old World camels and the llamas of 
South America. These are highly specialized forms which, however, can be 
traced back in the Tertiary of North America to primitive Upper Eocene 
ancestors, similar in structure to the tylopod families previously considered. 

Despite their dissimilarity in superficial appearance, the camel and llama 
are essentially alike in structme, the hump of the camel and the heavier 
hairy covering of the South American llamas being probably recently ac¬ 
quired features associated with the habitats of these modern forms. Unlike 
the majority of the pecora, members of the camel group are never horned. 
There is a postorbital bar in the living forms; the tympanic bulla is filled 
with spongy bone. 

Modern camelids have a cropping mechanism similar to that of the Pecora, 
in which the lower incisors extend forward and the herbage is pressed be¬ 
tween these and the gums over the premaxillae. The reduction of the upper 
incisors has taken place at a slower tempo than in the other living ruminants, 
however; and the lateral one is still retained. A small canine is present, and 
the premolars have been much reduced with the development of the diastema. 

The neck is elongated, and the limbs are long. Ulna and fibula are, of 
course, much reduced, the latter to a tarsal-like nubbin, and there are no 
traees of lateral toes. As in the Pecora, the trapezium has gone from the car¬ 
pus, and the mesocuneiform and ectocuneiform have fused in the tarsus; but 
the other elements are still separate. The feet (Fig. 348, B) are exceedingly 
characteristic; for, imlike normal ungulates, the living camelids are digiti- 
grade, with spreading toes set nearly flat on the ground, and, instead of a 
hoof, there is a small nail and a heavy pad beneath the toes. 

The division of the stomach into chambers has not proceeded so far in 
camels as in the Pecora, but the development of stomach pockets for water 
storage is peculiar to this group. 

An early camelid is Po’ebrotherium (Fig. 346, A) of the North American 
Oligocene, somewhat smaller than a sheep. The dentition was complete, with 
canines and incisors of similar build and grading over into the elongated pre* 
molars with almost no trace of a diastema, as in anoplotheres and caeno- 
theres. The orbit was still open behind, although the two processes which 
were to bridge the gap were already long. The side toes had already been 
lost at this early date; the two remaining metapodials were still separate but 
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already showed a tendency toward distal divergence of the two toes so promi¬ 
nent in later camels; the animal presumably had a hoof rather than the mod¬ 
ern padded camel foot (Fig. 348, A). It is obvious that these camels must 
have had a separate history well back into the Eocene, for they were at this 
time more advanced in limb construction than the contemporary Pecora. 
Protylopus and its relatives of the late Eocene appear to represent a still ear¬ 
lier stage in camel ancestry. It is generally agreed that this form is a camelid; 
but the limbs were short and the front feet four-toed; and, although there 
are but four upper molar cusps, the protocone has a peculiar forked shape 
suggesting that it had recently fused with the “extra” protoconule. Pro¬ 
tylopus is quite similar in most respects to contemporary anoplotheres, 
caenotheres, and oreodons and indicates the appropriateness of including 
those types in the Tylopoda, in the broad sense here used. 

There were a large number of camelid genera in the later Tertiary, almost 
all of them until near the end of that period exclusively North American. 



Fig. 346. —^The skull of camelids. Poehrothcrium^ a primitive Oligocene form, skull length about 
6} inches; Camclops^ a Pleistocene American type, skull length about inches. (A after Wortman; 
B after Merriam.) 


Along the main evolutionary line there was a gradual increase in size in Mio¬ 
cene and Pliocene forms such as Procamelus and Pliauchenia, the orbit be¬ 
came inclosed by bone, a diastema developed, the two inner upper incisors 
dropped out, and the metapodials fused to form a cannon bone. During the 
later half of the Tertiary, when camels were numerous in North America, 
there were many side branches, including such forms as the “gazelle camel,” 
Stenomylus, a small and graceful type from the Lower Miocene, and the 
group of “giraffe camels,” such as Oxydactylus (Fig. 347), with very long 
neck and legs. 

In the Pliocene appeared forms much closer to the living camelids in which 
the true ungulate type of hoof was abandoned and the flat, spreading type 
of toe was developed. The differentiation of modern types was then well un¬ 
der way; at the end of the Tertiary, true camels, CamduSy reached the Old 
World to spread widely there during the Pleistocene, while relatives of the 
UaniA* Awhmiay reached their present South American home at about the 
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same time. In North America, Camelops (Fig. 346, B) and other forms not 
only persisted into the Pleistocene but apparently lived in the Southwest 
until comparatively recent times. As in the case of the horses, the cause of 
the extinction of this group in the region which had been so long their home 
is not obvious, for, when reintroduced during the last century, camels were 
well able to survive in a wild state in the western deserts. 

Xiphodonts. —Often regarded as close relatives of the camels are Xipho- 
don and a few related forms which were very common in Europe on the Eo- 
cene-Oligocene boundary. They resembled closely the early camels in both 



Fig. 847. — Oxydactylus^ a long-limbed Miocene camel; original about 7^ feet long. (From Peterson.) 


limbs and teeth. They, too, were precociously didactyl, with long, slim limbs 
retaining only small splints of the side metapodials. As in the ancestral cam¬ 
els, the dentition was complete and without a diastema, and the teeth graded 
evenly from incisors into the cheek teeth. The upper molars (Fig. 337, K) 
still had the primitive five-cusped pattern, the protoconule remaining dis¬ 
tinct. It is probable that the xiphodonts are a Emopean parallel to the cam¬ 
els, develoi>ed, like them, from an anoplothere-like stock. 

The Pecora« —^All remaining artiodactyls, including the vast majority of 
living members of the order, may be included in the Pecora in a broad use of 
that term. There are five generally recognized modern families and, in addi¬ 
tion, several extinct groups. These are here arranged in three superfamilies. 
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one primitive and two advanced, as follows: (1) superfamily Traguloidea, 
with families Amphimerycidae, Hypertragulidae, Protoceratidae, and Tra- 
gulidae (chevrotains); (2) superfamily Cervoidea, with families Palaeomeryci- 
dae, Giraffidae (giraffes), and Cervidae (deer); (3) superfamily Bovoidea, 
with families Antilocapridae (American prongbuck) and Bovidae (cattle, 
sheep, goats, antelopes). 

In these specialized and very successful ungulates the stomach is compli¬ 
cated in structure and the ruminating habit highly developed. The build is, 
in general, a graceful one; and the limbs are long and slender. All are func¬ 
tionally two-toed types; but reduction of the side digits has gone on at a 
slower pace than in the tylopods, for small 
lateral toes are present in a number of living 
pecorans as well as in many fossil forms. 

The two principal metapodials have usual¬ 
ly fused into an elongated cannon bone. 

There has been considerable fusion in carpal 
and tarsal elements, and the union of na¬ 
vicular and cuboid in the ankle is a feature 
diagnostic of the group. The ulna is reduced, 
and of the fibula there remains in typical 
living forms only a nubbin of bone in the 
ankle region. 

Most living pecorans possess weapons in 
the shape of horns or similar bony out¬ 
growths from the skull. In many primi¬ 
tive types, both living and extinct, these 
are absent; but long, stabbing upper ca¬ 
nines are frequently present in their stead. 

The upper incisors have given way to a 
horny pad as part of the cropping mecha¬ 
nism. There appear, at first glance, to be four lower incisors, for the canine 
has been taken over into the incisor group. One premolar early disappeared 
with the development of a diastema. The molars have, since early times, been 
selenodont in pattern with but four cusps—^protocone, paracone, metacone 
and metaconule—^in the upper molars. 

The chevrotains. —The older pecorans are here included in a superfami¬ 
ly Traguloidea, taking its name from the chevrotains, which alone survive. 
These forms from the Old World tropics give us some idea of the general na¬ 
ture of ancestral pecorans. Only two genera are present, Tragvlus of the 
oriental region and Hyemoschus of tropical Africa. Both are small animals 
about a foot in height and weighing but half-a-dozen pounds. In their small 
size, retiring habits, and even, at first glance, their general appearance, one 




Fig. 348. —Manus {left) and pes 
{right) of camels. the Oligocene 
Poibrotherium; B, the Pliocene Procamel- 
us. (After Wortman.) 
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would tend to mistake them for rather large rodents, such as the agoutis of 
South America. But in every structural feature they are good pecorans, com¬ 
parable to deer or antelope, although with a number of more primitive 
characters. 

The chevrotains are cud-chewers, but the associated subdivisions of the 
stomach are less complex than in other living pecoran families. Unlike most 
progressive pecorans, they have no horns or antlers; instead there are (es¬ 
pecially in the males) large upper canines as weapons. The upper incisors are 
absent, as in pecorans generally, and the typical pecoran cropping structure 
of lower canines and incisors is well developed. The limbs are long and func¬ 
tionally two-toed structures, much more progressive than in any forms con¬ 
sidered earlier except the later camels and the xiphodonts; in the tarsus, the 
navicular, cuboid, and ectocuneiform bones are fused into a unit, a feature 
known only in pecorans. On the other hand, the limbs are less specialized 
than in advanced pecoran types. The fibula, reduced in higher families, is 
still a complete bone, although fused to the tibia. Each foot is four-toed, and 
the lateral toes, although short and slender, are complete structures, as to 
both phalanges and metacarpals, whereas the metacarpals are never com¬ 
plete in higher pecorans and the toes themselves are often reduced. In all 
higher pecorans the middle metapodials are fused in both front and hind legs 
into a cannon bone. In the living chevrotains such fusion has taken place in 
the hind limb in both genera; but in the African genus the two metacarpals 
are still separate, and they are but partially fused in the Asiatic form. In ad¬ 
vanced pecorans the keels on the distal ends of the metapodials are present 
all the way from the dorsal to the ventral siu*face of the bone; in chevrotains 
and their fossil relatives the keels are present only on the ventral surfaces, 
suggesting a different and more limited movement of the toes (Fig. 350, A). 
The front feet are noticeably shorter than the hind, whereas there is little 
difference in length in higher pecorans. 

In various skeletal features, then, the chevrotains are demonstrably on a 
lower plane of organization than typical pecorans. Absence of horns, large 
upper canines in the males, limbs relatively unprogressive, particularly the 
anterior ones, complete side toes, and cannon bones in process of formation— 
these are characters which we may expect in ancestral fossil pecorans. 

Early traguloids. —^Primitive pecorans are not imcommon in the Oligo- 
cene; in the Eocene, however, they are rare, and the origins of the group are 
still obscure. Among the oldest and certainly the most primitive of pecoran 
types are Amphimeryx and a few related and obscure genera, known from 
fragmentary remains, some of which date back to the Middle Eocene in 
Emrope. As far as can be seen from the material, the pecoran characters of 
the limbs and teeth were, for the most part, already devdoped. The upper 
molars, however, show a five-cusped aelenodont pattern exactly comparable 
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to that of early tylopods. It is possible that the ancestral pecorans passed 
through a tylopod stage in their evolution; on the other hand, they may have 
arisen directly from palaeodont ancestors. 

In the late Eocene there are fairly numerous remains of primitive tragu- 
loids which had already lost the extra molar cusp but which exhibit in other 
respects a condition as primitive as that seen in the living traguloids and ap¬ 
pear to be very close to the actual ancestry of the existing pecora. Arckaeom- 
eryx (Figs. 336, C; 349) of Mongolia is such a genus; many of the features 
seen are still preserved in Oligocene types such as Lej>tomeryx. Archaeomeryx 
was about the size of the existing chevrotains and, except for a long tail— 
presumably primitive—^had much of the proportions and probably much of 
the appearance of these modern genera. In the skull the upper canines were 
modestly developed. The front limbs were considerably shorter than the hind; 
the lateral toes and their metapo- 
dials were complete. In one item, —— 

Archaeomeryx has gone beyond W 
the living traguloids, for its fibula 

loss of its shaft. On the other 

hand, it was more primitive than ^ V .\s. 

the living genera in two respects: 
the metapodials were still sepa- 
rate in both front and hind limbs 

and—most unusually—a full set „ * i. . , ... 

, , Fig. 349.—fhe skull of Archaeomeryx^ a primitive 

of incisors was still present in the pecoran from the Eocene of Mongolia. (After Colbert.) 

premaxilla. 

Hypertragulids.— Archaeomeryx, as we have just seen, is in most re¬ 
spects a primitive pecoran which may lie close to the stem of the suborder. 
In one feature, however, it shows a specialization not expected in an ancestor 
of the higher Pecora. Here, as in the oreodons, an enlarged lower premolar 
has taken the functional place of the canine. This does not occur in the true 
tragulids or their descendants but is a diagnostic character of the family 
Hypertragulidae, a group characteristic of the late Eocene, Oligocene, and 
early Miocene of North America. These American forms have lost the upper 
incisors, except for occasional vestiges; but in many genera, such as Leptom- 
eryx (Figs. 350, A; 351; 352, A) and Hypertragulits, the general structure 




Fig. 349. —^The skull of Archaeomeryx, a primitive 
pecoran from the Eocene of Mongolia. (After Colbert.) 


seen in Archaeomeryx has been retained. There are variations, however. The 
upper canine and the associated lower premolar vary in size—^partly, per¬ 
haps, as a sexual feature. The lateral metatarsals may be reduced and the 
medial ones form a cannon, as in L&ptomeryx, No hypertragulids were of any 
^eat size, and Hypisodus was a tiny creature no larger than a cottontail. 

Th# Pfotdcaraa group. —^A series of odd forms, developed in North 
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America from the hypertragulids, is that best known from Protoceras of the 
Oligocene. In this genus the postcranial skeleton and many skull characters, 
including the characteristic canine-like lower premolar, are very similar to 
the hypertragulids. Advances, however, have taken place in other features, 
such as a considerable elongation of the face and a down-turning of faee on 
braincase like that seen in some of the higher pecorans. Most characteristic, 
however, is the development in the males of hornlike structures, peaks of 
bone rising upward in the nasal region, above the orbits and above the brain- 
case roof. Descendants of Protoceras persisted into the Pliocene, where Syn- 
thetoceras (Fig. 352, B) shows a grotesque elaboration of two of these horn 
pairs, the nasal pair forming a curious compound structure. 



Fig. S50. —Manus {left) and pes (right) in various Pecora. A, the primitive Oligocene Leptomeryx; 
B, the Miocene palaeomerycid Parahlastomeryx; C, the Miocene antilocaprid Merycodus. (B after Scott; 
C after Matthew.) 

Tragulids. —^Presumably much more important for the evolutionary 
story than the hypertragulids and their protoceratid descendants were the 
true tragulids, an Old World stock from which the higher pecorans appear 
to have descended. In this group absence of the canine-like premolar is a 
diagnostic character; in other respects the early members of the family ap¬ 
pear to be almost indistinguishable from the contemporary hypertragulids. 
As in that group, the late Eocene and Oligocene genera are numerous and 
varied. Oehcus and Prodremotkerium are characteristic genera; the former, 
despite its appearance in late Eocene time, already shows marked reduction 
of lateral digits in front feet as well as in hind feet. In the Miocene the tragu¬ 
lids were much reduced in numbers, and there remain in the later Tertiary 
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but a few forms, such as Dorcatherium, leading to the relatively conservative 
modern chevrotains. 

Higher pecorans. —The remaining pecoran families show progressive 
features not present in the traguloids. The characteristically exaggerated 
upper canines of traguloids persist in some primitive forms, but they are 
typically reduced or absent, and in their stead horns or antlers of some type 
are usually present as weapons. The progressive development of elongate, 
two-toed limbs has continued. The ulna is much reduced, except for its head, 
and is fused to the radius; the fibula has gone, except for a distal nodule—a 
malleolar bone which looks like an accessory tarsal. Front and hind feet are 
subequal in length. A cannon bone is universally present and the lateral toes 



Fia. 351.— Lepiomeryx, a primitive Oligocene pecoran about 2 feet in length. (From Scott.) 


much reduced; never are there complete metapodials, and even the tiny 
phalanges are likely to be reduced. The keels on the distal ends of the cannon 
bones are found on the dorsal, as well as the ventral, surfaces. In living 
forms the presence of four chambers in the stomach offers a contrast to the 
three-chambered stomach of the chevrotains. 

These high ruminants appear in the Miocene. Even at the beginning of 
their history, however, they show a distinct cleavage into two groups, which 
we shall consider as the superfamilies Cervoidea and Bovoidea. The former 
include a basal stock, the Palaeomerycidae, and giraffe and deer families 
which are derived from them; the latter include the American prongbucks 
and the bovid assemblage. The cervoids are browsing types, with low- 
crowned teeth, dwellers in forest or brush country; the bovoids are grass¬ 
land grazers with high-crowned teeth suitable for siliceous food. As has been 



Fia. S52.—Skulls of pecorans. LepUmeryXt a primitive American Oligocene hypertragulid, skull 
length about 4^ inches; B, Syntheioeeraa, a grotesque American Pliocene protocerotid, dcull length 
about IS inches; C, Samotherium, a Pliocene giraffe (a male; the “horns** shorter in the female), skull 
length about 2 feet; Z), ParabUutomfryx, a Miocene hornless palaeomerycid, skull length about 14 indies; 
Ey horns of Dicroemts, a European late Miocene oervid; F, female of Megocaros, “Irish dk," skull 
length 20 inches; 0, Meryeodtu, a Miocene antUocaprid, skull length about 7 inches; H, Oazelh bfevieomut 
a Pliocene antelope, skull length about 0 inches. (A, 2), 0 after Matthew; B after Stirfon; C after Bohlin; 
Ey H alter Gau^; F after Owen.} 
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said, most have “horns’^ of some type or other. In the bovoids true horns— 
bony cores covered by horn (keratin)—are present; in the cervoids these out¬ 
growths lack a horny covering and may be skin-covered, as in giraffes or 
in growing antlers, or may be bare, as in the mature antlers of the deer. 

Palaeomerycids.—In the Miocene of both Eurasia and North America 
are found numerous pecorans which show many of the features to be ex¬ 
pected in ancestors of the deer and giraffes but are not properly assignable 
to either family and appear to represent a common ancestral stock; these 
constitute the family Palaeomerycidae. The limbs have the progressive fea¬ 
tures noted for both cervoids and bovoids; the teeth, as in later giraffes and 
deer, are low crowned and adapted for a browsing life. A number of these 



Fig. 353 .—LejU Cranioceras, a Pliocene palaeomerycid with a median occipital “horn’* as well as 
paired structures; skull length about 1 foot. (After Frick.) Rights Sivatkerium, a Pleistocene giraffid with 
large branched horns; size that of original. (After Colbert.) 


forms, such as the European Dremotherium and Parablastomeryx (Figs. 350, 
B; 352, D; 354) of North America, are innocent of horns of any type and have 
instead (as have traguloids) stout upper canine tusks. (It must be noted, 
however, that in cervoids “horns” are frequently confined to the males, and 
hornless specimens sometimes prove to be females of horned types.) In other 
genera, however, hornlike structures were present. In a number of types, as 
Drornorneryx and other American forms (Fig. 353), these “horns” were 
straight bars of bone extending upward at various angles over the orbits. 
These structures were not, it seems, ever shed, nor is there any evidence of a 
homy covering. They appear to correspond to the skin-covered bony out¬ 
growths on the skull of a modern giraffe or to the pedicels (usually short) at 
the base of a deer antler. There are, however, variations in structure; Cranio^ 
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ceros in North America, for example, had developed a third median horn ex¬ 
tending back over the occiput. In Palaeomeryx of Europe and in several oth¬ 
er genera, short branching structures are found at the tip of the “horn.” These 
are suggestive of simple deer antlers, but there is here no indication that even 
these terminal outgrowths were deciduous. 

Presumably the palaeomerycids gave rise during the Miocene to the Gi- 
raffidae and the Cervidae; a few genera persisted into the Pliocene. The 
group is generally believed to be extinct. A possible survivor, however, is 
Moschus, the “musk deer” of Pliocene to Recent times in central Asia. Mos- 
chus is usually included among the cervids. It lacks antlers and has large 



Fig. 354.— Parablastomeryx^ a Miooeae palaeomerycicl; original about 2^ feet long. (From Matthew.) 


canines, as had palaeomerycids. This in itself does not prove the point, for 
at least one small true deer is hornless. Various other anatomical features, 
however, are in contrast with those found in true deer, and it is possible that 
the ‘^musk deer” is really a palaeomerycid. 

Deer. —The Cervidae are a group of browsers primarily inhabiting the 
forests of the north temperate zone, in contrast to the more tropical environ¬ 
ment favored by the related giraffe group. The most striking feature is the 
presence of antlers in the males of almost all forms—^branching structures of 
solid bone which project from the skull posterior to the orbits. There is no 
horny covering; during growth they are surrounded by skin covered with 
downy hair, the velvet, which dries up and is rubbed off when the antler 
reaches full growth. Yearly the antler is shed (the place of resorption of bone 
at its base is marked by a roughened burr) and a new and usually more com- 
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plex antler developed. This type of structure is in marked contrast to the 
hollow, horn-covered, unbranched, and permanent true horn of the bovids. 
The antler is reasonably considered as a further development of the “horns” 
of the palaeomerycids. These permanent spikes of bone are represented by 
the much shortened unshed pedicels forming the base of the deer antler; the 
shed portion—the true antler—is a new cervid addition. 

Early small cervids, such as Stephanocemas and Dicrocerus (Figs. 337, N; 
35^, JB), appeared in the Miocene and early Pliocene of Eurasia, a region in 
which the deer seem to have had their origin; and by the end of the Pliocene 
there were present numerous types, many of which have survived to modern 
times. Relatively primitive and small deer, little modified from the Dicro- 
cerus type, are the muntjacs, Muntiacus [Cervulus] of southeastern Asia 
(Pliocene to Recent) and the related Elaphodus of India, with very small and 
simple antlers and persistently large canines. Antlers tend to be more promi¬ 
nently developed in forms of large size, and deer with larger complex antlers 
are known from the Middle Pliocene onward. 

The late Cenozoic and living deer types were formerly all included in the 
single genus Cervus^ broadly defined, but are now commonly regarded as 
constituting a score or more of related genera. The name Cervus is generally 
confined to the European red deer, the American wapiti (“elk”), and a few 
related types; Alces includes the European true elk and the American moose; 
Rangifer the reindeer and caribou (notable for the presence of antlers in the 
females). The fallow deer (Darna) and roe (Capreolus) are examples of a num¬ 
ber of purely Eurasian types. Except for its northern fringes, Africa has not 
been invaded by the cervids, but in the Pleistocene the family sent numerous 
migrants to America. In addition to the forms common to both hemispheres. 
North America boasted a giant moose, Cervalces, in the Pleistocene; and 
Odocoileus, the “Virginia deer,” is a purely American development. Pleisto¬ 
cene deer of this last type reached South America and still flourish there in 
the form of several derived genera. As in many other animal groups, the 
Pleistocene tended to be a time of production of giant forms; North America, 
we have noted, developed a giant moose, and in the Old World the “Irish 
elk,” Megaceros (Figs. 352, F; 355) had the largest antlers of any known deer. 

Giraffes. —The Girafiidae today include only the giraffe and okapi of 
Africa. These are browsing types, with low-crowned but heavy and rugose 
cheek teeth. Skin-covered “horns” of simple structure, comparable to those 
of the ancestral palaeomerycids, are present in the living genera and in a 
number of fossil types. The lateral digits have completely disappeared. The 
long neck and legs are the most obvious specialization of the modern giraffe 
and are clearly associated with the tree-browsing habits of the animal. Samo^ 
thorium (Figs. 337, M; 352, C), Palaeotragm, and other forms with a more 
normal build have long been known from the early Pliocene of southern 
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Europe and Asia. It was hence of great interest when, about forty years ago, 
there was discovered in the forests of the Congo the okapi, a comparatively 
short-legged, short-necked giraffid, almost indistinguishable from such an¬ 
cestral Tertiary types. 

As a side branch of the family may be included Sivatherium (Fig. 353) and 
other forms likewise from the Pleistocene of southern Eurasia and Africa. 
These were gigantic, heavily built ungulates in which there developed in the 
males a variety of large “horns,” frequently in two pairs, from frontals 

and parietals. The hinder pair was 
sometimes massively branched in 
deerlike fashion but appears to 
have been nondeciduous in nature. 

The giraffes are a tropical paral¬ 
lel to the cervid family. They have, 
however, failed to attain the success 
reached by their northern rela¬ 
tives. 

Bo voids. —The cer voids are 
browsers; the Bovoidea, the super¬ 
family now to be considered, are 
the characteristic grazers among the 
higher pecorans. In them we find 
the same advanced limb characters 
as in the cervoids; bo voids, however, 
tend to be even more progressive 
than deer in the reduction of lateral 
digits, for nothing remains of the 
toe skeleton except nodules of bone 
in some cases, and even the hoof 
vestiges may disappear. The upper 
canines are always reduced or absent, 
and in correlation with the grazing 
mode of life the cheek teeth are high crowned. Hornlike structures are uni¬ 
versally present; but, in contrast to the cervoids, they are usually present in 
both sexes, although those of the males are usually more highly developed. 
Further, the term “horn” is properly applicable to the structures found here, 
for a sheath of horn covers the bony core, which is never shed. 

We have in the case of the bovoids no basal stock comparable to the pa- 
laeomerycids in the cervoids. Presumably the bovoids sprang from a tragu- 
loid stem and probably from Old World members of the group. There are, 
however, no connecting forms; both surviving families appear fully developed 



Fia. S55 .—Megacerosy a giant deer (“Irish elk”) 
from the Pleistocene of Europe. About ^ natural 
size. (From Reynolds.) 
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in the Miocene—^the Antilocapridae in North America, the Bovidae in the 
Old World. 

Prongbucks.— Antilocapra, the prongbuck of the western plains, usually, 
but erroneously, called an “antelope,” is an isolated and interesting type. 
While in many features, such as the high-crowned cheek teeth and complete 
los^ of side toes, this form is quite similar to the antelopes, the horns are 
radically different in character. These structures are, it is true, covered with 
horn, as in bovids; and the simple bony core is never shed. But the horn is 
somewhat forked, much as in primitive deer; and, curiously, the horny cov¬ 
ering is shed yearly. This suggests that the prongbuck has been long sepa¬ 
rated from the bovid stock, and it would seem that the living form is a sm- 
vivor of a North American evolutionary series parallel to the bovids of the 
Old World. 

An early ancestor appears to be Merycodus (Figs. 350, C; 352, G) of the 
Upper Miocene and Pliocene. This form at first sight would appear to be a 
deer rather than a prongbuck, for the bony outgrowths from the skull were 
long, forked (sometimes with several tines), and have a burrlike outgrowth 
at the base. But these structures were present and complete in all known 
specimens; it thus seems obvious that, in contrast with the deer, there were 
horns in both sexes and that these were never shed. The burr may be ex¬ 
plained as the point at which an annual shedding of the horny covering oc¬ 
curred. 

Merycodus is but one of a series of late Tertiary and Pleistocene types of 
antilocaprids which appear to have been abundantly present in the American 
plains in the latter part of the Cenozoic, playing there much the same role 
(although on a more modest scale) enacted by their antelope cousins in the 
Eastern Hemisphere. As far as known, all the group appears to have been 
quite uniform in skeletal and dental structures generally, but there is wide 
variation in horns. It seems certain that the rather simple horn of the mod¬ 
ern prongbuck is a degenerate structure, for in all the fossil types the bony 
horn is more highly developed than in Antilocapra and typically strongly 
bifurcated—so much so that in the Pleistocene Tetrameryx we have an es¬ 
sentially four-horned type. 

There are no apparent ancestors for the prongbucks in the Oligocene or 
early Miocene of North America. One may suppose that the antilocaprids 
were Miocene invaders from Eurasia, derived from a common ancestry with 
the bovids. 

Bovids.—^By far the largest group of living artiodactyls is that included 
in the family Bovidae, where are placed such forms as the cattle, bison, musk 
ot, sheep, and goats, and that great and varied assemblage of forms termed 
“antdiopes.” In all bovids there are present (usually in both sexes) true horns 
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consisting of a simple unbranched core of bone covered with a sheath of horn; 
no part of this structure is ever shed. 

The bovids have been not only the most successful and numerous of artio- 
dactyls but of ungulates in general in late Tertiary and Recent times; and, 
as this fact might suggest, their development has taken place at a compara¬ 
tively late date. They have undoubtedly been derived from the tragulids of 
the Oligocenc, but the first representatives of the family appear in the Old 
World only toward the end of the Miocene, in the shape of Eotragus and a 
few other rare forms. Eurasia appears to have been the major center of dis¬ 
persal of these bovids, and literally dozens of genera have been described 
from the Old World Pliocene, these including the ancestors of many living 
types. 

By the Pleistocene most of them had disappeared from Europe; but in 
this case, as in many others, Africa and southern Asia have been havens of 
refuge for forms which increasing cold had forced from the north temperate 
region; Africa alone contains some twenty genera of living antelopes. 

But few members of this group have reached the New World. Most bovids 
are plains dwellers in warm climates; the dispersal of the group seems to have 
taken place at such a late date that the cold climate heralding the approach 
of the Pleistocene glaciation may have rendered the passage through Sibe¬ 
ria and Alaska difficult. Only the bison, the mountain sheep, the mountain 
“goat,” and musk oxen, all of which seem to be able to withstand rigorous 
climatic conditions, have successfully invaded North America; and no bovid 
has ever reached South America, although the bison ranged southward to 
El Salvador. 

A primitive group of antelopes is that which appeared in the late Miocene 
and Pliocene in such forms as Tragocerus, with horns which were directed 
upward and backward and were straight, or at the most but slightly curved. 
Probably rather directly descended from them are a number of large types 
which have very long but nearly straight horns, also directed backward. 
First present in the Pliocene, there are still a number of African survivors, 
such as the oryx and addax antelopes. Side branches of the primitive ante¬ 
lope stock, of which the fossil history is almost unknown, include a number 
of tiny African forms, some no larger than rabbits, such as the duikerboks 
and klippspringers. In these forms the horns, still small and backwardly di¬ 
rected, are present only in the males. 

The gazelles and related antelopes from northern Africa and southern 
Asia are steppe and desert forms of moderate size and graceful build, with 
horns slightly curved but stiliL|rf a simple primitive type. Oazella (Fig. 352, 
H) can be traced back to thiP^rly Pliocene. Related to the gazelles is the 
saiga antelope, with a heavier build and peculiar swollen muzzle; now con¬ 
fined to the arid regions of Asia, it penetrated, in the Pleistocene, westward 
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far into Europe, where its presence is indicative of steppe conditions, and 
eastward to Alaska. 

A northern representative of the bovids is the musk ox, Ovibon, heavily 
built, with massive, laterally directed horns (much smaller in the females). 
I'he musk ox is now confined to the arctic zone; but in the Pleistocene, musk 
oxen penetrated as far south as France and Kentucky, and in North America 
there were also several related genera, now extinct. 

Two further lines of bovid evolution have led to the development of fa¬ 
miliar types—to the sheep and goats, on the one hand, and to the cattle and 



Fio. S56 .—Bison occidentalism a Western Pleistocene species, about 7 feet in length. (From Ilay.) 


bison, on the other. Pointing out the evolutionary road to the sheep and 
goats are the types often called “goat antelopes,” such as the chamois (Rupi- 
capra) of Europe and the Rocky Mountain “goat” {Oreamnos), with short 
but sharply cxirved horns. In the sheep {Ovis) and goats (Capra) there has 
been a great development of the horns, which tend to become very large and 
often spirally coiled in the males (those of the females are much smaller). 
These forms are upland dwellers (which may account for the fact that their 
fossil history is little known), inhabitants of the mountain chains from the 
Mediterranean region eastward through Asia, and have, as we have noted, 
even penetrated to the Rocky Mountains. 

The evolution of oxlike bovids appears to have begun well back in Plio¬ 
cene times with the appearance of large antelopes with teeth rather resem- 
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bling those of modern cattle and with horns which (although still directed 
backward) had developed a lyre-shaped form with a spiral twist. Living repre¬ 
sentatives are the eland of Africa and the nilghai of India. A type still more 
cowlike and also dating from the early Pliocene is that now represented by 
the large gnus and hartebeests of Africa, in which the lyrate horns spread 
sidewise and are, in the former, directed forward rather than backward. 

From these cowlike antelopes the development of the cattle has been but 
a short step. A rather slim and antelope-like ox, Leptobos, is found in the early 
Pleistocene of Eurasia; cattle, most of which may be included in the genus 
BoSy were widespread in the Pleistocene. Common domesticated cattle are 
but one of several members of this group which have been utilized by man. 
A large wild ox survived in Europe into medieval times. Closely related to 
the cattle are the true buffaloes of southern Asia and Africa, now including 
domesticated types as well as wild forms. 

Bison (Fig. 356) is a genus closely related to the true cattle, whose mem¬ 
bers were dwellers in the temperate regions of the Old World and which, 
alone of plains-dwelling bovids, has successfully invaded North America. The 
Old World bison has persisted in a wild state; a few still survive in eastern 
Europe. In America the bisons became exceedingly numerous in the Pleisto¬ 
cene and seemingly branched out into a number of types, to judge by the 
variation in fossil horn cores discovered (one specimen had a spread of horns 
of some 10 feet). Although essentially dwellers in the plains region, Pleisto¬ 
cene bisons were present from the Atlantic to the Pacific. 
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EDENTATES 


G rouped as edentates in many of the older natural histories is a 
heterogeneous assemblage of forms from the tropics of both the 
New and the Old Worlds—^the tree sloths, armadillos, and anteat- 
ers of South America; the aardvark of Africa; and the scaly pangolins of 
Africa and southern Asia. In great measure the bonds which were supposed 
to unite these vaiied types lay in the nature of the dentition. Some, such as 
the pangolins and the American anteaters, are toothless; in the others teeth 
are practically confined to the cheek region and lack the hard enamel cover¬ 
ing found in other mammals. 

But many of these edentates are ant-eaters, and the reduction or loss of 
teeth in such types is obviously a functional adaptation and is no argument 
for their relationship to one another; we have seen that in the aard wolf, an 
ant-eating marsupial, and the monotreme Echidna similar habits have been 
associated with a similar reduction of the teeth. The aardvark is, it is now 
generally agreed, quite unrelated to the other edentates. The pangolins, as 
well, seem to occupy an isolated position; and, aside from specializations for 
a diet of ants, there is little to connect them with other forms. 

True edentates. —Ks regards the other living “edentates,” however, a 
different situation exists. Comprising, as they do, the South American ant- 
eaters, the armadillos, and the tree sloths, as well as the extinct armored 
glyptodons and giant ground sloths, these New World tropical types exhibit 
striking superficial differences. But in internal structure there are many fea¬ 
tures which tend to show that these varied forms really constitute a natural 
group to which the ordinal name Edentata may be restricted. Xenarthra is 
an essentially synonymous term. 

A striking feature conunon to all living and most fossil members of the 
group and not found in any other mammals is the presence of extra (xe- 
narthrous) articulations between the successive arches of the posterior trunk 
vertebrae in addition to the normal zygapophyses (Fig. 357, C). Here, too, 
are found the only cases (apart from sirenians) in which there is variation 
from the normal mammalian number of cervical vertebrae; from six to nine 
may be present. A fusion of the cervical vertebrae may occur. 

There many peculiarities in the limb skeleton of South American eden- 
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tales. In the shoulder the acromion and the coracoid process are generally 
much more developed than in other jdacentals and may join one another 
(Fig. 857, .1); the ischium articulates with the proximal cauilal vertebrae to 
form a peculiarly elongated sacrum (Fig. 357, B), The limb bones are usually 
short, stout, and massive, with strong muscular processes. Radius and ulna 
remain separate, but tibia and fibula have fused in armadillos and ground 
sloths. Claws are often excessively developed, and in several groups there is 
a tendency to walk on the outer side of the front foot. Perhaps this is an in¬ 
heritance from an arboreal ancestor which suspended itself from the branches, 
as the tree sloths still do today. 

The cranial region is characteristic. The brain is small and on a low plane 
of organization; the braincase is a long, cylindrical tube. "J'he premaxilla is 
usually reduced, although there is sometimes a supernumerary prenasal bone 
strengthening the snout. The palate is elongate and may even be bridged 



Fig. 357. — Myhdon. .4, Scapula, to show bridge from acromion to coracoid; B, pelvic region, show¬ 
ing upward growth of ischium (w) to join with sacrum (jr); r, ribs; c, caudal vertebrae. C, a posterior 
dorsal vertebra, to show “xenarthral” articulations (x) in addition to the normal zygapophy.ses (z). On 
the left side the anterior view, posterior on the right. (After Stock.) 


over between the pterygoids. Except in armadillos and some glyptodons, the 
zygomatic arch is incomplete, the jugal often ending posteriorly in a fan¬ 
shaped expansion but failing to reach the squamosal. 

Only in anteaters have the teeth been altogether lost. In other edentates 
they are usually absent from the front of the mouth, while roots are never 
formed in the cheek and there is no enamel covering except in a few early 
genera. 

A tendency toward the development of protective armor in the skin ap¬ 
pears to have been inherent in the group. In the armadillos and the extinct 
glyptodons we find a bony carapace covered by horny scales. No bones are 
present in the skin of tree sloths and anteaters, but in some of the extinct 
ground sloths the skin was reinforced by numerous bony nodules lodged in 
the thick hide. ^ 

The center of evolution of these types is ^Questionably South America, 
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the present home of practically all members of the group. Grcund sloths, 
glyptodons, and armadillos are known as fossils from the late Cenozoic of the 
United States; but it is generally agreed that these forms were immigrants 
from the south. It seems highly probable that the ancestral edentates, like 
the peculiar ungulates of that region, inhabited South America at the very 
beginning of the Age of Mammals and there underwent an isolated develop¬ 
ment during most of the Tertiary. 

Palaeanodonts.—If the edentates are assumed to have originated else¬ 
where and to have reached their southern home by way of North America, 
it might be expected that some trace of the group would be found in the early 
Tertiary of the north. 'J'his expectation has been fulfilled; three North Amer¬ 
ican genera, ranging from late Paleocene to Oligocene, appear to represent 
a primitive edentate stock. All three are rare, but Metacheirornys (Fig. 358) 
of the Eocene is known from fairly complete material. 



Fia. 358.— Melacheironiys^ a small Kocene edentate, about 18 inches long. (From Simpson.) 


In many ways these forms were much more primitive and generalized than 
any of the later South American edentates. Metacheirornys resembles the 
armadillos in general proportions and even in many structural details, but 
there is no trace of dermal armor, and the accessory xenarthral articulations 
are absent in the backbone. Long, compressed claws were present in the 
front feet, somewhat shorter and broader ones behind, and even here there 
was already some tendency for a twist in the wrist. 

The teeth show many of the characteristics to be expected in the ancestral 
edentates, for the incisors had disappeared except for one small lower tooth, 
the cheek teeth were, at the most, pegs, and nearly all of the enamel covering 
had been lost. There were, however, some dental specializations not in line 
with the direct ancestry of South American forms. The canines were large; 
in Metacheirornys the cheek teeth have nearly completely disappeared and 
may have been functionally replaced by horny pads. 

The clawed feet and peculiar dental apparatus of the palaeanodonts sug¬ 
gest that they may have fed upon small terrestrial invertebrates, digging for 
grubs, insects, and worms much as do modern armadillos. 

These North American genera, constituting the suborder Palaeanodonta, 
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appear to represent in most of their features the ancestral edentate type 
from which the South American forms have sprung. It is obvious, however, 
that they are too late in time to have been the actual ancestors, for South 
America was presumably already cut off by the time of their appearance. 
They were merely wayside stragglers, destined not to survive in competition 
with the numerous other orders already appearing in North America. 

Xenarthrans. —The continuation of the story of edentate development 
is to be sought in South America. There edentates were already present in 
the oldest-known Tertiary beds. Although most Eocene remains are frag¬ 
mentary, it appears probable that the earliest South American representa¬ 
tives possessed many of the features absent in the palaeanodonts but char¬ 
acteristic of later groups, such as the additional vertebral articulations, 
union of ischium and backbone, and peculiar skull structure. 

Among these South American forms there have evolved five distinct types 
which may be placed in two suborders. One group, the Loricata (armored), 
comprises the “shelled” forms, the living armadillos and the extinct glypto- 
dons; the other, termed the Pilosa (hairy), includes the anteaters, the tree 
sloths, and the extinct ground sloths, all hair-covered, unarmored forms. 

Loricates. —The great development of dermal armor is the most obvious 
feature uniting the armadillos and the now extinct glyptodons. A large num¬ 
ber of bony plates covered with horny scutes form a protective carapace over 
the trunk, while plates may develop on the head and tail as well. The teeth 
tend to be more numerous than in the sloths; there are always as many as 
seven cheek teeth, often a higher number. The zygomatic arch is usually 
complete. There is a tendency for a fusion of vertebrae under the shield; and 
some of the cervicals, at least, are fused in all forms. 

In the armadillos, the family Dasypodidae, the carapace never becomes 
a single solid shield, as in glyptodons. Instead, the bony scutes usually tend 
to form solid plates over the shoulder and pelvis, between which are trans¬ 
verse movable bands. Beneath the pelvic plates is a long, heavy sacrum, 
while fused neck vertebrae lie beneath the shoulder plate. The cheek teeth 
of these insect and carrion feeders are usually simple pegs, about eight to 
ten in number in each jaw half. There is a tendency to exceed the normal 
placental number, an extreme being reached in one living form with as many 
as twenty-five. 

These armored types at first sight would seem to be very aberrant. But, 
curiously enough, they are the oldest-known of South American edentates, 
for they are the only types represented in^he Paleocene and early Eocene 
beds of that continent. In these beds, there are not merely numerous isolated 
armadillo scutes but also much skull and skeletal material of the genus 17^0^- 
Furthermore, the structural tendencies seen in palaeanodonts seem to 
lead more directly to the armadillos than to other edentates. It thus appears 
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probable that the armadillos represent the main stem of the South American 
edentates, although one dislikes the implication that the “hairy” edentates 
have descended from armor-bearing ancestors. 

By the Miocene, armadillos, such as Proeutaius (Figs. 359, A; 360, A) and 
Stegotherium, were abundant and varied. A peculiar side branch is that of 
Peltephilus and its relatives, which contrast with normal armadillos in their 
short, broad skulls and the development of hornlike structures in their head 
armor. With the re-establishment of continental connections, the armadillos 
pushed north, reaching the Gulf Coast region in Pleistocene times; and one 
form still persists in southern Texas. In the Pleistocene of both continents 
there were present giant armadillos, now extinct, one as large as a rhinoceros. 



Fig. 359. —Skulls of edentates. A, Proeutaius^ a Miocene armadillo, skull length about 5 inches; 
B, Mylodoriy a ground sloth, skull, length about 20 inches; C, Glyptodoriy skull length about 11 inches. 
Above, in center, a glyptodont tooth. (A after Scott; B after Stock; C after Burmeister.) 


The extinct glyptodons {Glyptodon [Figs. 359, C; 361], Panochthus [Fig. 
360, B], etc.) were a group related to the armadillos and, like them, had de¬ 
veloped a protective armor, but in a different fashion. Originally, it would 
seem, the bony plates on the back may have been placed in cross-rows, as in 
the primitive armadillos. But typical glyptodons tended to fuse the entire 
mass into a solid, turtle-like carapace composed of a mosaic of countless 
small polygonal plates. There was much fusion of the vertebrae, mainly in 
connection with support of the shield. Most of the cervicals, except the first, 
were fused; a second solid mass included most of the dorsals; while the last 
dorsals, lumbars, and sacrals were fused and connected with the posterior 
part of the carapaqe. The tail was sheathed in armor plates, sometimes with 
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projecting spikes. Like the armadillos, these forms were generally five-toed 
and clawed; but the toes were short and stubby, the claws broad and rather 
hooflike in the hind feet (the front feet were more variable). 

The skull was covered with a bony casque; the face and jaws were exces¬ 
sively deep. In these forms, alone among edentates, there was a postorbital 
bar, and the zygomatic arch had a long downward-projecting process of the 
jugal. There was no clavicle, in contrast to most other edentates. The teeth 
numbered eight in each jaw ramus. They were typically very high crowned 



Fia. 360.—Feet of edentates, manus above, pes below. A, ProeutatuSy a Miocene armadillo; B, Panoch” 
thusy a Pleistocene glyptodont; Cy Hapalops, a primitive Miocene ground sloth; X), Pleistocene ground 
sloths, manus of Mylodony pes of Notkrotherium, (Ay C after Scott; B after Burmeister; D after Stock.) 

and had a peculiar three-lobed pattern analogous to that of some of the rat¬ 
like rodents. 

It seems certain that the glyptodons were derived from the primitive 
armadillos. They appeared at the end of the Eocene and were well repre¬ 
sented in the Miocene beds of South America. These earlier forms were small 
compared to the later members of the group but were already of larger size 
than most of the contemporary armadillos. There were still present many 
primitive armadillo-like characters, such as the comparatively long skuU, 
low-crowned teeth, and the persistently primitive arrangement of some an¬ 
terior plates in more or less transverse rows. By the Pliocene, large size and 
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characteristic glyptodon structure had been attained. These huge armored 
forms early migrated northward, and one genus had reached Texas at the 
end of the Pliocene. In the Pleistocene the glyptodons were numerous from 
Florida to Argentina. Here again, however, as in the case of most large land 
mammals in the Western Hemisphere, the end of the Pleistocene witnessed 
the extinction of the group. 

Living “hairy” edentates. —The remaining South American edentates 
may be grouped as the suborder Pilosa, the name referring to the haii-y cov¬ 
ering of these animals and the absence of a carapace. ^J'he zygomatic arch is 
always incomplete, although the jugal is usually much expanded posteriorly. 
'J'here are never more than four or five simple cheek teeth. Among the pe¬ 
culiar features in the skeleton may be noted the fact that the expanded acro- 



301.— GlypUnIon^ from the i’Jeistocene of South America, length about 9 feet. (From I^rydekker.) 


mion arches forward to unite with the coracoid region (Fig. 357, A), In¬ 
cluded in this group are the anteaters and tree sloths inhabiting the tropical 
forests of South America and the extinct ground sloths. 

The anteaters, Mymiecophaga and related forms, exhibit specializations 
which seem but a logical outcome of the insect-eating habits of the palaeano- 
donts. In the front feet are developed large claws (particularly on the middle 
toe), which are used for digging into termite nests; the lateral toes are re¬ 
duced. With the presence of these large excavating tools it has become im¬ 
possible for the foot to be placed flat upon the ground, and the weight rests 
on a pad on the outer side of the knuckles with the toes turned inward. In 
the hind foot the claws are smaller, and the foot is plantigrade in the more 
primitive types. 

The postcranial skeleton of the anteaters seems to be of the type which 
would be expected in the ancestors of the remaining groups of edentates. But 
the highly developed termite-eating habit has been associated with great 
modification in the head region. There is a very long, tubular snout contain- 
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ing a protrusile, whiplike tongue; the jaw is weak; and these forms, alone 
among true edentates, have entirely lost their teeth. 

The living tree sloths of South America included in the family Bradypodi- 
dae are among the most curious of mammals. They are small, arboreal, noc¬ 
turnal forms with a lichenous growth which often gives a green tinge to their 
gray hair. They are very slow and clumsy, spending much of their time hang¬ 
ing upside down from branches and holding on by their long curved claws, 
two or three in number. The front legs are longer than the hind; the body is 
elongated; but the tail is vestigial. These leaf-eating types have but four or 
five cylindrical cheek teeth, one of which is anteriorly placed and may be a 
canine. The skull is very short in the facial region, and there is only a tiny 
premaxilla. The jugal ends posteriorly in a flaring termination. 

The tree sloths are unknown as fossils and the anteaters are known only 
from fragmentary material from the later Tertiary and Pleistocene. Remains 
of these forest dwellers are not to be expected in the deposits of the /Argen¬ 
tinian plains from which most of the older South American fossils are ob¬ 
tained. But even in default of fossil evidence, it is not impossible to gain 
some idea of the nature of the primitive stock of the Pilosa from which these 
two types have been derived. Very probably this ancestral form would have 
had a rather omnivorous diet (as is still the case in armadillos), with a denti¬ 
tion comprising a small number of peglike cheek teeth in a moderately elon¬ 
gate skull. Presumably the ancestor would have been a long-clawed, terres¬ 
trial, grubbing form with much the proportions and foot pose of the terres¬ 
trial anteaters. From this type the anteaters have departed mainly in cranial 
features connected with their food habits, the tree sloths in body changes 
related to their specialized arboreal life. 

The requirements for this hypothetical primitive ancestor are very closely 
approached in some of the more primitive ground sloths; and these, in turn, 
are not too far removed in postcranial structures from the armadillo type. 

Ground sloths. —The large and numerous forms of the ground-sloth 
group in the Pleistocene of both North and South America are among the 
most interesting of extinct mammals. The ground sloths first appear in the 
Oligocene of South America. Of the three families into which these forms are 
usually divided, the Megalonychidae are perhaps the most primitive and are 
the first to assume importance, being common in the Miocene but relatively 
rare in later times. The characteristic Miocene Hapalops was (for a ground 
sloth) small in size, with a length of but 4 feet or so, including the elongate 
tail. The body was moderately long and rather slender in its build. A full 
complement of clawed toes was present (Fig. 360, C; cf. 360, D), The claws 
were particularly well developed on the front foot, which was twisted over 
to rest the weight on the outer knuckles, while the stocky hind foot was 
turned downward laterally so that the weight rested on its outer margin. 
The skull was moderatdiy elongated; slim prmnaxiliae above and a 
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like process from the jaws presumably supported horny cropping plates; in 
the cheek there were present, as in ground sloths generally, five simple teeth 
above and four below, the first resembling a canine in this and other mega- 
lonychid genera. The zygomatic arch was incomplete; but the huge jugal, 
which splays out into a number of projections posteriorly, came close to the 
anterior end of the squamosal. 

Nothrotherium (Fig. 362), was a descendant of Hapalops found in the 
Pleistocene of both North and South America. Its size, about that of a tapir, 
was relatively small for a ground sloth of that age, and there were few fur¬ 
ther modifications except for the loss of the “canines.” It persisted to a very 
late date in the southwestern United States, for not only has a skeleton been 
found with much of the skin and tendons still preserved, but it also appears 



Fig. 862 . —The skeleloii of NothroUierium^ a small Pleistocene ground sloth; length about feet. 
From Stock.) 


that this form was a contemporary of early man. Other small members of 
this family have been found in Pleistocene deposits in the West Indies. 
These forms range in size from cat to bear, the dwarfed condition presum¬ 
ably related to insular life. How they reached those islands is an interesting 
problem in geographical distribution. 

Most of the ground sloths of the Pliocene and Pleistocene tended to grow 
to very large size. This was accompanied by many structural changes, with 
the body much more massively built in relation to the requirements for 
weight support. The one common member of the present family in which 
large size was attained was Megalonyx of the North American Pleistocene, 
about the size of an ox with a skull a foot in length. It seems to have been 
nearly a direct descendant of Hapalops and, while much more heavily built, 
resembled that form in many features. 

MsgalSkefiuiia giv^ its name to a family of sloths which are related to the 
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megalonychids and probably derived from them but which diflFer in certain 
diagnostic features, such as the lack of specialization of the “canines,” reduc¬ 
tion of the two inner toes, and cheek teeth which simulate a bilophodont con¬ 
dition. Megatherium ranged from South America to the southeastern United 
States in the Pleistocene. This largest of ground sloths exceeded an elephant 
in size, with a length of 20 feet and a very massive build. 

The Mylodontidae were the most abundant of ground sloths in the Pleis¬ 
tocene, Mylodon (Fig. 359, B) and its close relatives being found from Pata¬ 
gonia to temperate North America. Large size was common in the late mylo- 
donts; Mylodon^ for example, was half again as large as the contemporary 
Megalonyx, Diagnostic features include a partial development of “canines,” 
a rather triangular shape in the cheek teeth, and a hind foot in which the 
first toe (but not the second) had been reduced. In the mylodonts round os¬ 
sicles deeply imbedded in the skin seem to have afforded a defense against 

enemies. Mylodon^ like Nothrotherium, 
appears to have been a late survivor 
in the southwestern Ignited States; 
and a closely related type found in a 
Patagonian cave appears to have been 
killed by man. 

Ground sloths flourished greatly in 
the Pleistocene. But at the close of 
that period they were utterly wiped 
out. Why, we cannot say. Unlike the 
South American ungulates, which seem to have disappeared when faced by 
progressive competitors, the ground sloths had not only held their ground 
but had successfully invaded North America. The factors causing their ex¬ 
tinction are as mysterious as those which destroyed most of the other larger 
mammals of the Western World. 

Pangolins. —^The Old World “edentates,” the pangolins and aardvark, 
may be considered here for want of a better connection. 

The scaly anteaters or pangolins of tropical Asia and Africa, constituting 
the genus Manis, are the sole representatives of the order Pholidota. The 
horny overlapping scales completely covering the body form the most no¬ 
table peculiarity of these animals. This covering is probably a secondary pro¬ 
tective device and not due to direct inheritance from reptilian ancestors. 
With the adoption of an ant-eating diet there have developed many cranial 
adaptations similar to those of American termite-eaters. Teeth are com¬ 
pletely absent; there is a long snout, a slim jaw, and a long tongue. The 
temporal arch is incomplete and the jugal lost; the eyes are much reduced. 
The tail is usually long, sometimes prehensile. All toes are present; but the 
hand is functionally tridactyl, with the development of powerful digging claws. 



Fig. 363. —Orycteropus gaudryi^ a fossil 
aardvark from the Lower Pliocene of Samos; 
skull length about 6J inches. (After Andrews.) 
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Representatives of the living genus have been found in the Pleistocene of 
southern Asia. A few bones from the Miocene and Oligocene of Europe have 
been thought to belong to this group but tell us nothing of their pedigree. 
Relationship with American edentates has been often suggested, but the 
similarities are such as are obviously related to digging and to eating ants; 
there are no positive resemblances to the xenarthrans. The pangolins may 
have evolved quite independently from some early primitive placental stock. 

The aardvark. —Quite isolated, too, is the “earth pig,” Orycteropus, sole 
living representative of its own order, the Tubulidentata. This is an uncouth¬ 
looking African mammal which lives on termites. There is a long snout, a 
small mouth, and a long tongue, as in other ant-eating mammalian types; 
but there is comparatively little reduction of the jaws, and the temporal 
arch is well developed in contrast to other ant-eaters. In the embryo, teeth 
are numerous, exceeding the usual placental number; but in the adult only 



Fia. 364.—The skeleton of Orycteropus gandryit length about feet. (After Colbert.) 


four or five peglike cheek teeth remain. These lack enamel but have cement 
on the outside; while, instead of a pulp cavity, the dentine is traversed by a 
large number of small tubules, a feature to which the group owes its name. 

There are a number of primitive skeletal features. Tibia and fibula, how¬ 
ever, are fused proximally, and the pollex has disappeared. The feet are 
semiplantigrade; and there are stout “nails,” intermediate between claws 
and hoofs in nature, inserted in fissured end-phalanges, much as in some 
early carnivores. 

Fossil aardvarks (Figs. 363, 364) ranged through Eurasia in the Pliocene 
in company with the ancestors of many other living African types. Back of 
that there are in Europe but a few doubtful fragments from the Oligocene 
and Miocene. In the Lower Eocene of North America have been found frag¬ 
mentary remains of Tubrdodon, a form which shows a tubular structure of 
the teeth somewhat similar to that of aardvarks. The aardvark skeleton is 
strikingly similar to that of some early condylarths, and it is possible that it 
is descended from early ungulates. 



CHAPTER 25 


WHALES 

A MONO mammals which have turned to an aquatic life, the whales— 

/% the order Cetacea—constitute the largest and most important 
1 group and that best adapted to an existence in the water. Both 
structurally and functionally they have become completely divorced from 
their former land life and are helpless if stranded. Only in their need for air 
breathing do they exhibit any functional reminiscence of their former ter¬ 
restrial existence. 

Modern whales have reassumed the torpedo-like, streamlined shape of 
primitive aquatic vertebrates, partly through a shortening of the cervical 
vertebrae and the consequent absence of a neck. However, the body is thick 
and rounded in section, and hence (unlike the typically slimmer fish) the 
main propulsive force is confined to the tail fin alone. As in other aquatic 
mammals, the tail has failed to resume its original fin structure, and (as in 
the sirenians) horizontal flukes supported by fibrous tissue supply the loco¬ 
motive power. A dorsal fin has usually redeveloped. The hind limbs are lost 
completely, as far as any superficial indication goes, although vestiges may 
be present internally. The front legs have been transformed into short, broad, 
steering flippers. Although there are no extra digits, as many as a dozen ex¬ 
tra phalanges may be present. Hair has been lost and may be absolutely lack¬ 
ing on the skin of the adult whale; a thick layer of blubber affords protection 
against cold. 

Marine life has been accompanied by many internal modifications. The 
original whales appear to have been fish-eating carnivores. The majority of 
modern whales are still toothed, but, as in the seals, the teeth have been 
simplified, usually into simple pegs. The number has in many cases increased 
greatly over the primitive placental forty-four; in others teeth have been re¬ 
duced in number or entirely abandoned for a straining apparatus of whale¬ 
bone. The anterior portion of the skull has been elongated from the first. But 
in correlation with the breathing problem in diving types, the nostrils have 
moved backward in the skull and in typical living whales are placed, as the 
blowhole, on the top of the head (Fig. 365, JS-D). In this process the pre¬ 
maxillary and maxillary bones have been dragged back over the more pos¬ 
terior elements, often in an asymmetrical fashion. This results in a peculiar, 



Fig. 365. —Skulls of cetaceans, lateral and dorsal views. A, Prozeuglodm atroxt an Eocene archaeocete, 
skull length about 2 feet; F, ProsqucMon, a Miocene squalodont porpoise, skull length about 18 inches; 
C, Atdo'physeUft a Miocene sperm whale, skull length about 4 feet, jaw restored; /), Cetotherium samari- 
nenae^ a Miocene whalebone whale, skull length about 22 inches. Abbreviations: /, frontal; j, jugal; 
/, lacrimal; m, maxilla; n, nasal; p, parietal; pm, premaxilla; so, supraoccipital; s?, squamosal. (A after 
Andrews; B after Abel; C aftor Kellogg; X> after Capellini.) 
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telescoped effect, heightened by the fact that usually the occipital bones have 
pushed forward over the top of the skull. Apparently there is no top to the 
skull; it is all front and back. 

The braincase has been much modified in shape in relation to these odd 
specializations and is short but broad and high. The orbit is always open be¬ 
hind, although typically covered by a broad supraorbital process of the fron¬ 
tal; and the jugal is small. The premaxilla of modern whales is usually tooth¬ 
less (there are small teeth in a few porpoises); the bone, however, is well de¬ 
veloped on the skull roof. The ears are much changed for use in such “sub¬ 
marine’’ forms; the external tube and drum tend to be modified and reduced; 
and hearing, apparently acute (in contrast to the lost sense of smell), appears 
to be accomplished through the instrumentality of vibrations set up within 
the heavy, shell-like bulla, which, fused with the periotic, is but loosely at¬ 
tached to the remainder of the skull. 

Whales may be divided into three suborders: the Archaeoceti, of the early 
Tertiary; and two living groups—the Odontoceti, or toothed whales, and the 
Mysticeti, or whalebone whales (Fig. 368). 

Primitive whales. —The archaeocetes are the oldest and most primitive 
of the cetacean groups, first appearing in the Middle Eocene. Except for one 
North American specimen, all known types of that age are from northern 
Africa, suggesting that (like the subungulates) they may have originated on 
that continent. Many features of their structure suggest their origin as a 
branch of the primitive creodont stock which had taken up a fish-eating life, 
but a number of important modifications had already occurred in Protocetus 
and Prozeuglodon (Fig. 365, A) of the Upper Eocene. The snout was elongate 
(as in many fish-eating reptiles before them), and the nostrils had already 
accomplished half of their migration backward onto the top of the skull. In 
other respects, however, the skull was still much like that of a primitive creo¬ 
dont; there was a long, low braincase, and there was no trace of the telescop¬ 
ing of elements which was to be the most marked peculiarity of later whale 
skulls. The dentition, too, was essentially primitive; for, while the front 
teeth were peglike, the cheek teeth were still much like those of creodonts in 
appearance and the primitive placental tooth count of forty-four was not 
exceeded. But while the skull was still quite primitive, the body skeleton 
seems already to have advanced far in aquatic adaptations. Skeletal remains 
are rare; but by Upper Eocene times, if not earlier, the hind legs had been 
reduced to vestiges which did not project from the body. Obviously, the ear¬ 
liest whales were already more highly adapted to marine life than are the liv¬ 
ing seals, although the story of whale specialization was far from finished. 

The peak of archaeocete development was reached in Basilosaurus (fre¬ 
quently termed Zeughdon [Fig. 366]) and its relatives, which were wide¬ 
spread and common in the Upper Eocene seas. These were the giants among 



WHALES 


489 


primitive whales. The long low skull (which reached a maximum length of 
5 feet) was still primitive in many features, but the much compressed and 
serrated cheek teeth were departing further from the primitive carnivore 
type. While modern cetaceans are stockily built, some of the zeuglodonts 
were slim and elongate types which reached as much as 70 feet in length, with 
the proportions which modern imagination ascribes to sea serpents. 

Basilosaurus and other primitive types did not, in general, survive the end 
of the Eocene. Of the archaeocetes, only some comparatively small, short¬ 
bodied forms—^the Dorvdon group—^persisted in lessening numbers through 
the Oligocene and into the beginning of Miocene times. 

Primitive toothed whales. —Odontocetes, or toothed whales, comprise 
the great majority of living cetaceans, ranging from small porpoises and 
dolphins to the huge sperm whale. The body is short and stocky, in contrast 
with the elongation in Basilosaurus. I'he teeth are usually simple pegs or 
wedges; are not differentiated into incisors, canines, and cheek teeth; and 
usually far exceed the primitive placental number (as many as three hundred 
in one porpoise). Most marked feature of specialization, however, is the cx- 



Fig. 366 .—Basilosaurus [Zeuglodon], an archaic Eocene cetacean; original about 55 feel long. (From 
Gidley.) 


treme telescoping of the skull roof, mentioned above. The nostrils have 
moved far back over the top of the skull, forming a single vertically placed 
blowhole, unroofed by the reduced nasals. A backward elongation of the pre¬ 
maxillae and maxillae has accompanied this process. The maxilla has spread 
out sidewise over the frontal in a great shelf over the orbit and temporal re¬ 
gion and, pushing the parietal entirely out of the mid-line of the skull roof, 
often comes in contact with the supraoccipital. 

No trace of this telescoping process is seen in the known archaeocetes. The 
toothed whales are presumably not derived from the elongate and tempo¬ 
rarily successful zeuglodonts but may well have been derived from the earlier 
members of the archaeocete group. The development of the modern whale 
type proceeded rapidly. Two ancestral forms, of which Agorophius is the 
better known, appeared in Upper Eocene seas as contemporaries of Basilo¬ 
saurus. The skeleton is unknown, but in their skulls they show definitely an 
early stage in the telescoping process; for, while there was little shifting of 
the occipital bones and the temporal region was still open above, the nostrils 
were already in position above the orbits and the maxillae were beginning to 
extend back and cover over the frontals. 

These primitive forms appear to have been ancestral to the squalodonts, 
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which, first appearing in the late Oligocene, became the characteristic world¬ 
wide cetaceans of early Miocene times. Such forms as Squcdodon and Pro- 
squalodon (Fig. 365, B) probably resembled greatly the modern porpoises in 
habits and appearance. These types owe their name to the triangular, shark¬ 
like teeth found in the posterior part of the beak (which was often much elon¬ 
gated). The squalodonts were much more modernized than their Eocene rela¬ 
tives, for the telescoping process in them had been completed, the parietals 
eliminated from the top of the skull, the maxillae had formed a contact with 
the supraoccipital, and the blowhole had reached its most posterior position 
above and behind the eyes. The temporal opening, however, had not yet 
been roofed over, as in many later odontocete types. 

The squalodonts were not long destined to retain their importance, for 
only a single survivor lingered on into the Pliocene; and even by Middle Mio¬ 
cene times they had been largely replaced by other porpoise-like types. 

Perhaps most closely related of living whales to the squalodonts are the 
long-beaked river porpoises of South America {Inia) and China (Lipotes), 
Here, as in most later odontocetes (and in contrast with squalodonts), all the 
teeth are simple peglike structures, and the premaxilla has tended to become 
toothless. But a primitive feature is found in the fact that in these porpoises, 
as in the squalodonts, the temporal opening is still unroofed. The living 
types are confined to the lower reaches of rivers, but their ancestors were 
undoubtedly sea dwellers; a number of presumed relatives were present in 
the Pliocene, and one even in early Miocene times. 

Beaked whales. —While the squalodonts were the first toothed whales 
to attain prominence, other porpoise-like odontocetes became increasingly 
important during the Miocene. Among these forms are found the ancestors 
of the modern beaked whales, the Ziphiidae. In a modern beaked type, such 
as Mesophdon, the “cow fish,” the teeth have been lost except for one or two 
tusks in the lower jaw and nonfimctional vestiges in the maxilla. There are 
deep pockets on the top of the skull at either side of the blowhole. The tem¬ 
poral opening is roofed over by the maxilla in this family and in the remain¬ 
ing odontocete types considered; and, in addition, there is some asymmetry 
of the skull, a twisting of the elements about the blowhole. In modern mem¬ 
bers of this family, too, we find the beginnings of a fusion of the cervical ver¬ 
tebrae characteristic of the larger whales. 

The beginnings of the beaked whales are to be found as far back as the 
early Miocene in the small dolphin, DiochotichuSi which showed ziphioid 
c characters in many respects but still resembled the squalodonts in the reten¬ 
tion of a good set of teeth and in other primitive characters. True but primi¬ 
tive beaked types (such as Choneziphius) with a much reduced dentition 
were also developed during the Miocene, and by the end of that period the 
existing genus Mesoplodm had already appeared. 
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Porpoises. —The most numerous of living small cetaceans are those in¬ 
cluded in the family Delphinidae, the modern oceanic porpoises and dolphins 
and their relatives. They are advanced in such structural features as the 
completely telescoped skull and the temporal region. But in contrast to most 
other living whales, most delphinids have retained an efficient battery of 
teeth in both upper and lower jaws. The dolphins must have developed rap¬ 
idly out of the primitive toothed whale stock, for forms essentially modern in 
build were not uncommon in the early Miocene when the squalodonts still 
flourished, and the family had become the most abundant group of odonto- 
cetes by Middle Miocene times. Commonest of Miocene types were such 
long-snouted forms as Eurhinodelphis^ in which the rostrum made up four- 
fifths or more of the skull length. More modern porpoise types, such as Ken- 
triodon (Fig. 367), appeared toward the close of the Miocene and in the Plio¬ 
cene. Apart from the typical porpoises and dolphins, the family includes a 



Fia. 307.— Kentriodon, a Miocene porpoise, about feet long. (From Kellogg.) 


considerable number of aberrant types, such as the killer whales, which prey 
upon seals, penguins, and even larger cetaceans, and the narwhal, with its 
“horn” formed from a sole remaining tooth. The slim-snouted Platanista of 
the Ganges River is probably a distant offshoot of the dolphins rather than 
a relative of the other river porpoises mentioned previously. It may have had 
a long separate history, however, for a type possibly related is known well 
back in the Miocene. 

Sperm whales. —^Largest of all odontocetes and exceeded among all ani¬ 
mals only by certain whalebone whales is the living sperm whale, Physeter, 
type of the family Physeteridae. Kogia, the pigmy sperm whale, is a much 
smaller form. The huge snout of these whales is mainly occupied by a great 
reservoir of sperm oil; the upper jaws are slender and depressed, but farther 
back the skull rises to a great cross-crest cupping the hinder end of the sperm 
pocket. The asymmetrical twisting of the bone about the blowhole is espe¬ 
cially noticeable in these torms, particularly in the greater backward expan¬ 
sion of the right premaxQla. In the upper jaw there are txAy a few function¬ 
less vestiges of teeth in the gums, but the lower jaw retains a complete and 
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well-developed battery of teeth. In the postaxial skeleton a specialization 
lies in the fact that all the short cervical vertebrae are fused (with the excep¬ 
tion of the atlas) into a solid mass. This feature is seemingly associated with 
the enormous head and repeated in some large-skulled whalebone whales. 
The living sperm whale had already appeared before the end of Miocene 
times. In earlier Miocene strata, however, are found remains of ancestral 
types. These were smaller, more primitive, and closer to the primitive por¬ 
poise stock, still retaining teeth in the upper jaw but with distinct evidences 
of the development of the pocket for the sperm-oil reservoir. Aulophyseter 
(Fig. 365, 60 of the Middle Miocene is transitional between the older and the 
younger types. 



Fig. 368.—The phylogeny of the whales 


Whalebone whales.—The Mysticeti, the whalebone whales, include but 
a small number of types, almost all of which, however, are of enormous size, 
including the largest of vertebrates, living or extinct. These greatest of ceta¬ 
ceans live on the smallest of prey, tiny floating invertebrates; it is impossible 
for such a whale to swallow any large object, for the gullet does not exceed 
9 inches in width. Whalebone consists of ridges of hardened skin which ex¬ 
tend down from the roof of the mouth in parallel crosswise rows like the 
leaves of a book. They are fringed at the edge with ‘"hairs’" upon which food 
particles catch, to be promptly licked off by the huge tongue. The teeth have 
been lost with the development of this peculiar apparatus; the mouth is 
enormously enlarged, the jaws bending out and down (and failing to meet 
in a symphysis), and the rostrum sometimes arched up. Telescoping of the 
skull has taken place in this group also, but in a somewhat different fashion 
from that of the toothed whales; for, while even in modern types the blow¬ 
holes (here double) are still situated in front of the orbits, the normal roofing 
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elements have been almost excluded from dorsal view by a forward migra¬ 
tion of the supraoccipital region. The maxilla is braced against the frontal 
bone but does not override that element, although sending a finger-like 
process back over the skull roof. There is, in contrast with toothed whales, 
no trace of asymmetry. 

It is obvious that these forms, now toothless, have descended from primi¬ 
tive toothed whales of some sort. One fragmentary late Eocene specimen, 
together with one or two Oligocene types such as Patriocetus^ appear to show 
the beginnings of the type of skull telescoping which occurs in modern mys- 
ticetes. At all events, the history of the group had begun in the Oligocene 
with the first appearance of the cetotheres, primitive whalebone whales 
which were common forms in the Miocene and survived into Pliocene times. 
The cetotheres, including such forms as Aglaocetus and Mesocetus, were al¬ 
ready toothless types in which telescoping was well under way. This process, 
however, had not progressed so far as in living types, for dorsally a consider¬ 
able gap still existed between the backward, finger-like process of the maxilla 
and the supraoccipital. 

Representatives of the two living families were in existence by Miocene 
times. Of these families, one includes the rorquals (Balenoptera) and their 
relatives—^types with small skulls, free cervical vertebrae, and a low and 
broad rostrum. The other family includes the right whales {Balaena), now 
confined to Arctic and Antarctic regions, forms with large skulls, fused cervi- 
cals, a curved rostrum, and a deep jaw. Of the rorquals, the blue or sulphur- 
bottom whale is estimated to reach a maximum weight of 150 tons or more, 
thus being far larger than any dinosaur. 
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AMONG the gnawing animals—^the order Rodentia—are included 
/% the squirrels and beavers, rats and mice, porcupines and guinea 
A pigs, and hosts of less familiar forms. The rodents are, without 
question, the most successful of all living mammals. In number of genera 
and species they exceed all other orders combined; they are found in almost 
every habitable land area of the globe and seem to thrive under almost any 
conditions, flourishing even in man-made towns and cities. The range of 
adaptations is a wide one. A majority of rodents are terrestrial and often 
burrowing types. No purely aquatic forms have developed, but such forms 
as the beaver and muskrat have progressed far in this direction. Others, like 
the squirrels, are arboreal; and while there are no flying rodents, the “flying*' 
squirrels have tended in this direction. 

In size the rodents are a modest group. Most forms are small, and the rat 
or squirrel may be taken as an average; the capybara of South America, the 
size of a pig, is the giant of the group. 

Dentition. —The rodents are essentially herbivores, although certain of 
them, such as the rats, will accept a wide variety of food; the peculiar gnaw¬ 
ing and grinding dentition and adaptations related to its use are highly char¬ 
acteristic of the group. A single pair of incisors is present in the lower jaw, 
and it is opposed by a principal pair above. These huge teeth never form 
roots and have bases which curve far back inside the bones of the upper and 
lower jaws; their continual growth counterbalances the wear to which they 
are subjected in gnawing. The other incisors, the canines, and a number of 
premolars have been lost in all known rodents, leaving a long diastema be¬ 
tween the gnawing teeth and the grinding series. There are never more than 
two upper premolars and a single lower one, and in many of the modem rat¬ 
like forms only the molars remain in the cheek region. The cheek teeth often 
become high crowned, and in many cases they fail to close their roots and, 
like the incisors, continue to grow throughout life. The two upper rows of 
grinders are closer together than the lower ones and are tilted so that they 
meet the lower teeth in a plane that faces somewhat outward as well as 
downward. 

The rodent molar pattern appears primitively to have followed the general 
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mammalian herbivore tendency toward the development of rectangular, 
four-cusped cheek teeth, and in a few cases a simple pattern readily inter¬ 
pretable in terms of familiar placental cones has persisted; usually, however, 
such interpretation is diflScult, and a wide degree of variation exists, even 
within the limits of single families. Much of this variation is associated with 
the development of high-crowned teeth which tend to be formed of a com¬ 
plicated series of ridges. These often become united as the tooth is worn; the 
original boundaries may be indicated by grooves and loops in the enamel pat¬ 
tern or may be completely obliterated in the formation of peglike structures. 

A molar pattern found in some members of all major rodent groups and 
perhaps antecedent to many of the more complicated types is that illus- 
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trated in Figure 370. The shape is roughly that of the letter E. Three trans¬ 
verse ridges project laterally in the upper molar; the anterior and posterior 
ridges are formed primarily by paracone and metacone; the intermediate one 
is a newly developed mesoloph. Additional cross-lophs may be formed an¬ 
teriorly and posteriorly from cingulum upgrowths or by elaboration and 
subdivision of those already present. Toward the medial side are protocone 
and hypocone, frequently separated by a marked furrow; a new mesocone 
appears between them on the longitudinal crest of the tooth. The lower mo¬ 
lar develops in compiurable fashion. 

Skataton. —^With these adaptations for grinding and gnawing has come 
a series of peculiar adaptations in the skull and jaws. In most rodents there 
occur both fore-and-aft and transverse grinding movements of the lower 
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jaws on the skull. In consequence the glenoid fossa of the skull (in which the 
lower-jaw condyle is received) is long and shallow, permitting considerable 
freedom of motion. The rodent skull is usually long and low, the orbit al¬ 
ways open behind. 

There are comparatively few specializations in the postcranial skeleton. 
The clavicle is usually retained; claws are always present. The front leg is 
usually flexible and often used as an aid in bringing food to the mouth, and 
there is little tendency toward loss of digits in the manus except for the oc¬ 
casional reduction of the pollex. The hind leg, however, is less flexible in its 
movements and confined to a fore-and-aft motion; tibia and fibula often 
fuse distally, and there are varying degrees of reduction of the toes with the 
development of a hopping or springing type of locomotion. 

Major criteria in rodent classification lie in skull modifications related to 
the jaw musculature. In addition to the temporal muscles closing the jaw, 
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Fig. 370. —Diagrams of molar patterns in rodents and lagomorphs, A, By Right upper and left lower 
molars of a type common in rodents (particularly myomorphs); C, D, right upper and left lower molars of 
lagomorphs. Abbreviations: anty Anterocone; antdy anteroconid; meSy mesocone; mendy mesoconid. For 
other abbreviations see Figure 241, with which these patterns may be compared. (After Wood and 
Wilson.) 

all mammals possess another series termed the masseters. These primitively 
pass from the zygomatic arch downward to the outer surface of the mandible 
(Fig. 371). In rodents the masseters consist of two sheets, lateral (superfi¬ 
cial) and medial (deeper); these are highly developed to give the fore-and- 
aft and rotary movements of the jaw characteristic of the order. Various 
modifications of these muscles may occur. In advanced sciuromorphs and 
myomorphs the lateral masseter may push forward at its origin and extend 
upward onto the side of the rostrum in front of the orbit. The medial masse¬ 
ter may likewise become specialized. In primitive mammals an opening—^the 
infraorbital canal—^runs forward from the orbit carrying small nerves and 
blood vessels onto the side of the snout. This canal may become much en¬ 
larged, and the origin of the medial masseter pushes upward through the or¬ 
bit and forward through this canal in hystricomorphs and myomorphs. 

Classification. —So numerous and varied are the rodents, living and 
fossil, that no two authors agree on their classification. It is generally con- 
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ceded that the squirrels, the rats, and the porcupines are representative of 
three distinct groups, generally considered as suborders—Sciuromorpha, 
Myomorpha, and Ilystricomorpha. There are, however, numerous families 
and groups of families, both living and fossil, which do not fall readily into 
these categories; actually there are perhaps eight or more natural assem¬ 
blages of rodent families. We may, nevertheless, squeeze them somewhat 
arbitrarily into the classic framework by keeping the rat and porcupine sub¬ 
orders for important terminal groups and using the sciuromorph category 
as a “dumping-ground” for a number of primitive and variously specialized 
but relatively small groups, as follows: 

Suborder Sciuromorpha: superfamilies Aplodontoidea, Sciuroidea, Geo- 
myoidea, Bathyergoidea. 

Suborder Hystricomorpha: superfamilies Anomaluroidea, Hystricoidea. 

Suborder Myomorpha: super- 
families Dipodoidea, Muroidea. 

Primitive sciuromorphs. — 

It is generally agreed that the 
Sciuromoi-pha is the most prim¬ 
itive of the three groups and 
that the other two have prob¬ 
ably been derived from primi¬ 
tive squirrel-like forms. Only in 
the sciuromorphs are two upper 
premolars and a lower premolar 
present, and even here the an¬ 
terior upper one is small and 
often lost. A characteristic fea¬ 
ture is the comparatively primi¬ 
tive position of the masseteric 
muscle. In no sciuromorph, as 
here defined, is the infraorbital 
canal enlarged for the medial 
masseter, and in the more primi¬ 
tive forms the lateral masseter 
is likewise unspecialized. 

Aplodontoidea. —^Perhaps the most primitive of living rodents is Aph- 
dontia, the sewellel, or “mountain beaver,” of the American Northwest. In 
this small ground-dwelling rodent the skull is long and low, the brain small, 
and the braincase is not swollen. There is not even a trace of a postorbital 
process* of the frontal bone, and the masseter attaches to the zygomatic arch 
in primitive fashion. 

We may associate with the sewellel, as constituting a superfamily Aplo- 



Fig. 371. —Diagrams to show the development of the 
superficial and deep portions of the masseteric muscle in 
various rodent types. A primitive sciuromorph; the 
masseter originates mainly from the lower edge of the zy¬ 
gomatic arch. An advanced sciuromorph; the superfi¬ 
cial masseter originates from the outer side of the skull in 
front of the orbit, C, A myomorph; the superficial mas¬ 
seter is similar, but the deeper portion has pushed up 
through the orbit and arises in a pocket on the face, formed 
from the infraorbital foramen. Z), A hystricomorph; the 
superficial masseter is unspecialized, but the foramen is 
enormously developed to accommodate the deeper por¬ 
tion. 
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dontoidea, a great series of primitive rodents, such as Paramys (Figs. 372, 
A; 374; 375) and Ischyromys (Fig. 373, A), which flourished in the northern 
continents, particularly North America, in Eocene and Oligocene times. 
Many of these rodents were rather squirrel-like in size and proportions and, 
very possibly, in appearance and habits as well. The cheek teeth were, in 
general, still low crowned and exhibit patterns which in some cases are fairly 




Fia. 372.—^SkuUs of rodents. A, Paramos, a primitive sciuromorph, skull length about 8^ inches; 
B, Palaeocastor, a Lower Miocene castorid, skull length about 2f inches; C, Pstiudosciurus, an Eocene 
anomaluroid, skull length about 2| inches; D, Crioeiops, a Tertiary murid, skull length about 1 inch; 
E, Neoreomys^ a Miocene South American hystricomorph, skull length about 4 inches; F, FhrmUamyst 
a Miocene geomyoid, about natural size. (A after Matthew; B after Peterson; C after Schlosser; D after 
Schaube; E afta* Scott; F after Wood.) 

comparable to normal quadritubmcular teeth aeen in other orders. The 
ischjfTomyids are the oldest of Imown rodents; but, although primitive in 
many ways, they were already definitriy true rodeats and i^ve us little in- 
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dication of the early stages by which this order arose from the primitive 
placentals. 

From the ischyromyid group were surely derived the sewellels; members 
of the Aplodontidae had appeared in North America before the close of the 
Eocene, and a series of forms leading to the modern genus are present in 
later American Tertiary deposits. An early specialized side branch includes 
some Middle Tertiary American forms such as Mylagaulus, in which the 
last premolar became enormous and the molars reduced, and Ceratogaulus 
and its relatives, which alone among rodents had horns (in the male at least). 
Still further early offshoots of the ischyromyids include Eomys and Protop- 



Fig. 373. —^Teeth of rodents. LefU upper cheek teeth of right side; righty lower cheek teeth of left side. 
Ay Ischyromysy a primitive Oligocene sciuromorph (X|); By FImentiamysy a Miocene geomyoid (X5 
approx.); C, TheridomySy an early Tertiary anomaluroid (X6 approx.); A Sciamysy a Miocene South 
American hystricoid (X|); jE, Eumys, an Oligocene murid (X5 approx.); (^4, E after Matthew; B after 
Wood; C after Schlosser; D after Scott.) 


tychus of the Eocene and later Tertiary relatives of the former. More impor¬ 
tant is the fact that the early time of appearance and primitive structure of 
the ischyromyids suggests them as possible ancestors of all the varied rodent 
groups, myomorphs and hystricomorphs as well as the remaining sciuro¬ 
morph types. 

Squirrels and beavers. —^A second group of sciuromorphs is that here 
considered as constituting the superfamily Sciuroidea—^the squirrels and 
beavers and related types. A diagnostic feature separating them from the 
aplodontoids lies in the fact that the lateral head of the masseter arises from 
a prominent channel lying anterior to the zygomatic arch and extending far 
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up the side of the rostrum (Fig. 371, B). The more primitive family is that 
of the squirrels, the Sciuridae. These amiable creatures are in most respects 
relatively unspecialized; the teeth are almost always low crowned and of 
primitive pattern, and the small third upper premolar is usually retained. 
The main group of squirrels are arboreal forms, with the “flying” squirrels 
of the Northern Hemisphere as an offshoot. Others, as ground squirrels, have 
become primarily terrestrial, including such forms as the “gophers” and 
chipmunks. A group of large, short-tailed burrowing forms includes the 
prairie dog, common on the western American plains, and Marmota [Arc- 
toiriys], the woodchuck or marmot, common as a fossil in the colder phases of 
the European Pleistocene. Semrus and other members of the family, pre¬ 
sumably derived from the early Tertiary ischyromyids, appeared in the 
Miocene and spread widely in Eurasia and North America. They never 

reached Australia but successfully invaded South 
America in the Pleistocene. 

The Castoridae, of which the beaver is the 
only living representative, are sometimes placed 
in a separate superfamily; but they appear to 
be, for the most part, merely squirrel-like forms 
which have tended to grow to large size, with 
accompanying specializations. The small third 
upper premolar has disappeared in castorids, re¬ 
sulting in a battery of four cheek teeth both 
above and below in these rodents (and in nearly 
all the remaining sciuromorphs and hystrico- 
morphs). The cheek teeth have become hypso- 
dont, presumably in correlation with large size 
and increased grinding requirements, a feature re¬ 
peated in many other rodent types. A further specialization also encountered 
in other progressive groups is the fusion of tibia and fibula. 

The beaver. Castor, is an aquatic type, and this mode of life may well have 
been present in some of the older castorids, the first of which appear in the 
Oligocene. Some, however, were burrowers. Palaeocastor (Fig. 372, J5), Stenech 
fiber, and their relatives are common Miocene fossil rodents in both Europe 
and North America; in western Nebraska peculiar upright “deviFs cork¬ 
screws” found in the Lower Miocene beds have been thought to be their 
mud-filled burrows. Giant beaver types were found in both northern conti¬ 
nents in the Pleistocene; Castoroides (Fig. 376) of North America attained 
the size of a half-grown bear; Trogontherium was a large European form. 

Geomyolds. —^Also included in the sciuromorphs is the superfamily Geo- 
myoidea (Figs. 372, F; 373, B), a purely American assemblage containing the 
mouselike kangaroo rats (Heteromyidae) and the larger burrowing pocket 



Fig. 374. —Right luanus and 
pes of Paramys, an Eocene sciuro- 
morph rodent. (After Matthew.) 
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gophers (Geomyidae), both of which occur in that continent from Oligocene 
times on. From a low-crowned condition in the Oligocene ancestors, the 
teeth have gradually become high crowned and, in the pocket gophers, root¬ 
less. Here, again, tibia and fibula are fused. The pocket gophers are burrow¬ 
ing types which owe their name to the large cheek pouches; the kangaroo 
rats are small, hopping desert rodents with elongate hind legs. This is the 
first of several similar hopping types of rodents which have evolved inde¬ 
pendently in various groups. 

Bathyergoids. —^We here include in the sciuromorphs, for want of any 
better place to put them, the Recent Bathyergus and its relatives, aberrant 
subterranean burrowing rodents v 

from Africa. Except for a few xX 1 

doubtful forms from the Old 
World, their history is unknown. 

They are sometimes associated, ■'\\i 

rather dubiously, with the hys- y \ V 

tricomorphs because they show y b J 

an out-turned angular region of 

the jaw seen in characteristic v‘ j 

members of that suborder. There ^ ! j ^ 

are, however, no other features \ I ^ S 

suggesting such relationships, ^ U 

and the diagnostic masseteric Im 

structures are of the primitive i 

type seen onlyin the early sciuro- My 

morphs. We may best regard 

them as an early specialized ^ 

offshoot of the primitive sciuro- S75~Paramys, a primitive Eocene squirrel- 

.1 1 i.j like rodent; original about 16 inches high in sitting pose. 

morph stock, not closely related Matthew.) 

to any other group. 

Anomaluroids. —One of the most perplexing but phylogenetically inter¬ 
esting groups of rodents is the superfamily Anomaluroidea, including among 
living types only a few African genera; Anomalurus, resembling a flying 
squirrel, and Pedetes, the “Cape jumping hare,” are representative. These 
rodents exhibit primitive features which have caused many to include them 
in the sciuromorphs. They show, however, one progressive character not 
found in any member of that suborder—a large infraorbital canal through 
which the medial masseter has pushed from the orbit forward onto the side 
of the snout. Such a structure is present in both myomorphs and typical 
hystricomorphs, and hence many writers have suggested placing the anom¬ 
aluroids in one or the^other of these groups. The myomorphs, however, have 
additional dental and cranial specializations not found in anomaluroids; 


Fig. 375. — Paramys^ a primitive Eocene squirrel- 
like rodent; original about 16 indies high in sitting pose. 
(From Matthew.) 
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their absence indicates that the anomaluroids cannot properly be considered 
as Myomorpha. On the other hand, tne typical hystricomorphs diflFer but 
little from the anomaluroids. We therefore include the latter in the suborder 
Hystricomorpha, broadly defined as showing specialization of the medial, 
but not the lateral, masseter and as retaining the “normal” set of four cheek 
teeth in each jaw ramus. It may well be, however, that all three points of view 
on the position of anomaluroids are partially true and that they represent a 
stock which developed out of the early sciuromorphs and gave rise to both 
the typical hystricomorphs and the myomorphs. The fossil record is in har¬ 
mony with this belief. The existing families are poorly represented in the 
fossil record. We find, however, in the late Eocene of Europe and in the 
Oligocene and Miocene of Africa a considerable number of small rodents pre¬ 
sumably lacking the specializations of the living anomaluroids but with the 



Fig. 376. — CastoroideSf a giant beaver, about 7| feet in length, from the Pleistocene of North America 


same type of construction of the infraorbital canal. These forms, such as 
Pseudosdurus (Fig. 372, C) and Theridomys (Fig. 373, C), appear to be tran¬ 
sitional in character between the primitive Paramys type and the typical 
hystricomorphs and may be close to, if not on, the line leading to the myo¬ 
morphs as well. 

Typical hystricomorphs. —One of the most important of existing rodent 
groups is that of the hystricoids, the typical members of the suborder (Figs. 
372, E; 373, D), As in the anomaluroid types, the infraorbital opening is 
greatly enlarged for the medial masseter, while the lateral element of that 
muscle retains its primitive position (Fig. 371, D), and four well-developed 
cheek teeth are present. An additional diagnostic feature, however, lies in 
the fact that the angular region of the lower jaw typically develops as a 
prominent out-turned horizontal ridge for masseteric insertion. 

The present geographical distribution of the hystricoids is a peculiar one. 
A minor center lies in Africa, where there are porcupines of the Hystrix type* 
and a few other forms, such as the cane *Vat,” Thryonomys; the porcupines 
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are also present in Eurasia. A much more important center is South America. 
North America has no hystricomorphs except the porcupine Erethizon, a 
Pleistocene immigrant from the south which is not at all closely related to 
Old World porcupines. South America, on the other hand, is an exclusive 
hystricomorph territory, save for a number of rats and a few sciuromorphs 
which were Pleistocene invaders. 

There is no general agreement as to the proper arrangement in families of 
the numerous hystricoids of that continent. We have here “lumped” them 
in five families, though several of these are presumably worthy of subdivi¬ 
sion. The Octodontidae have, in general, a rather ratlike build, with a slen¬ 
der body, short legs, and a long, slim tail. In some, such as Octodon and Echi- 
mySy the general appearance is quite ratlike; Abrocoma is a furry form; the 
tuco-tuco (Ctenomys) is a burrower somewhat analogous to the pocket go¬ 
phers; Myocastor, the coipu, is a large “water rat.” A second large assem¬ 
blage is that of the Caviidae, stockily built, stub-tailed rodents. The guinea 
pig or cavy (Cavia) is a representative of modest size; larger types tend to be 
rather ungulate-like and include the paca (Coehgenys) and the capybara, 
Hydrochoerus, the giant among living rodents, with a body length of 4 or 5 
feet. The Erethizontidae are the New World porcupines. The Chinchillidae 
include a small number of furry, bushy-tailed, and somewhat squirrel-like 
burrowers. We have placed in a separate family Dinomys, a rather large 
rodent with peculiar high-crowned cheek teeth, formed, like those of the 
chinchilla, of parallel laminae. 

The geological history of the hystricoids reveals a distributional picture 
similar to that seen today, with a major concentration in South America and 
a minor sprinkling of fossils in the Old World Tertiary, mainly in Africa. 

Hystricoids first appear in South America in the Oligocene, suddenly and 
in considerable variety, for almost all modem groups are represented at that 
time, and by the Pliocene they had become very numerous and diversified. 
Notable in the Pliocene is the development of forms of large size in several 
lines. By the Pleistocene a variety of hystricoids, some of the caviid group, 
and others perhaps related to Dinomys had foimd access to the West Indies; 
only a few have survived. Some of these insular forms were of large size; the 
giant of fossil rodents, however, was the mainland genus Eumegamys, with 
a skull close to two feet in length and a bulk presumably comparable to 
that of a wild boar. The hystricoids do not appear to have been seriously re¬ 
duced by the Pleistocene invasion of South America from the north. On the 
other hand, except for the porcupine, they made little progress toward an 
invasion of the north, although the capybaras reached the Gulf states in the 
Pleistocene. 

In the Eastern Hemisphere there are records of fossil porcupines from the 
late Cenozoic of Eurasia; in Africa there have been found a few fossil hystri- 
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coids and, in addition, a number of forms which may be transitional between 
early anomaluroids and hystricoids. If the group were confined to the Old 
World, we might reasonably and simply explain their origin as from the 
anomaluroids with Africa as the locale. But their presence in South America 
is quite another matter. They appeared there in the Oligocene. At that time 
that continent had been completely isolated from other regions, we believe, 
for at least a full epoch. It is difficult to believe that such a potentially suc¬ 
cessful group had entered long before and yet escaped the fossil record; and, 
furthermore, there are no North American rodents which look like possible 
candidates for hystricoid ancestors. It is highly improbable that any land 
connection existed between South America and Africa at any stage of the 
Tertiary because of the absence of intermigration of other elements in the 
mammalian fauna. It is, however, hard to escape the conclusion that the 
hystricoids, by some means or other, made a successful western crossing of 
the South Atlantic. 

Primitive myomorphs: the jerboas. —^A highly specialized group of liv¬ 
ing rodents which shows characters transitional between the anomaluroid 
type of structure and that seen in typical members of the rat-mouse group 
includes the jerboas {Difus and various other Old World genera) and the 
related jumping mouse, Zapus, of North America. These are small desert 
dwellers, most of which (like the kangaroo rats) have assumed a hopping 
gait. There are, naturally, adaptations related to their mode of life. The 
front limbs are much reduced; the hind legs are peculiarly birdlike in struc¬ 
ture, for there are three symmetrical toes whose metapodials are fused into 
a single elongate element. 

The skull and jaw structures are basically much like those of the anom¬ 
aluroids, including the presence of a much enlarged infraorbital canal; some 
specialists on the order have tended to associate them with these forms, and 
it is quite possible that the jerboas (and the typical myomorphs as well) have 
arisen from some of the early fossil types here included in the anomaluroids. 
There are, however, numerous features indicating relationship with the rat 
tribe. We may cite as an example the cheek teeth. In typical muroids these 
are reduced to the three molars alone, of which the first are much larger than 
the more posterior ones. In jerboas an upper premolar persists but is very 
small, and the lower premolars have vanished; and in the molar scries the 
first is already much larger than its neighbors. Fossil dipodoids are rare, al¬ 
though a few are found in Eurasia as far back as the Oligocene. The dipo¬ 
doids may be regarded as a specialized offshoot from the base of a line lead¬ 
ing to the more progressive myomorphs. 

Muroids. —^The remaining, more characteristic myomorphs may be 
placed in a single broad superfamily, the Muroidea. In these forms (Fig. 
371, C) the infraorbital canal is enlarged for the transmission of muscle as in 
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hystricomorphs and the jerboas. A second change has, however, occurred 
in this region, for the lateral masseter has excavated a channel for itself up 
the front of the zygomatic arch in a fashion parallel to that of sciuromorphs. 

A primitive muroid family is that of the dormice, or sleepers, of which 
Myoxus [Glis] is typical. These small, arboreal fruit-eaters are more primi¬ 
tive than ordinary mice and rats in their cheek teeth. These remain low 
crowned and rooted; and a condition even more primitive than that of the 
jerboas is seen in the retention of a small premolar in lower, as well as upper, 
jaw. The dormice are exclusively Old World forms, first recognized in the 
Miocene. 

Very specialized muroids are the burrowing-rat types, Spalax and Rhizo- 
mys, with an Old World pedigree dating back to the Oligocene. In basic fea¬ 
tures they are very close to the typical rats and mice, but there are numer¬ 
ous adaptive features which entitle them to recognition as representatives 
of a distinct family (or families). 

The remaining muroids are here included in a single comprehensive family 
of rats and mice—the Muridae (Figs. 372, D; 373, E), In these rodents the 
last premolars have disappeared, the molars (the first usually much larger 
than the others) taking over the entire burden of grinding. In the more prim¬ 
itive genera the teeth are low crowned and rooted; in others there is a devel¬ 
opment of high-crowned, rootless teeth. 

The murids are an old and highly successful group. The first definitely 
recognizable genera date from the Oligocene, but it is not imtil the Pliocene 
that they become common. In late Cenozoic and Recent times they have be¬ 
come the most widespread and abundant of rodents—^indeed, of all mammals. 
Recent murids outnumber all other rodents in the number of genera and 
species and, it seems certain, in the number of individuals as well, and their 
dominance in Pliocene and Pleistocene days was nearly as great as now. 
Their geographical range is greater than any other rodent group, for they 
not only invaded South America when that continent became readily acces¬ 
sible in the Pleistocene but are also present in Australia, a region to which no 
other terrestrial placentals were able to make their way before the coming of 
man. Two major groups of murids are often distinguished—^the Cricetinae 
and Murinae (sometimes treated as separate families). The center of murid 
evolution appears to have been the Eastern Hemisphere, but the cricetines 
have been present in North America since the Oligocene, and they constitute 
the entire native assemblage of rats and mice. The murine division is native 
to the Old World tropics, but in recent times the common mouse (Mus) and 
rat (Rattles) have accompanied man to all corners of the world. 

Lagomorphs. —^The hares and rabbits were long considered as a suborder 
of the rodents (the Duplicidentata); but, apart from the fact that they have 
gnawing incisors and grinding cheek teeth, they have little in common with 
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the rodents and are now regarded as constituting a separate order Lago- 
morpha. 

As in true rodents, the functionally important gnawing teeth are a single 
pair of incisors above and below, but in the lagomorphs an accessory pair of 
small upper incisors is present behind the principal ones. There is, as in ro¬ 
dents, a long diastema; the outer incisors, canines, and some premolars have 
been lost in its development. The number of cheek teeth present is higher 
than in any rodent, for there are always three upper premolars and two lower 
ones in addition to three molars. The cheek teeth (Fig. 377) are high crowned 
and rootless, with patterns presumably derived from those seen in early 
placentals. The upper molars seem basically comparable with the primitive 
tritubercular pattern; the lower ones have, as in many other groups, devel¬ 
oped two cross-lophs. In contrast with rodents, the two upper tooth rows are 



Fig. 377.— Pcdaeolagus, an Oligocene hare; skull, right upper and left lower cheek teeth; skull about 
2 inches in length; teeth X4 approx. (After Troxell and Wood.) 

farther apart than the lower ones, and the teeth have more of a chopping 
than a grinding motion. There is never any enlargement or muscular inva¬ 
sion of the infraorbital canal. A peculiar lattice-work fenestration of the side 
of the snout is a noticeable feature of the lagomorph skull. The tail is short or 
absent in all known forms. 

Best known of the group are the leporids, including the living hares (Le- 
pus) and rabbits (Oryctolagus) and their relatives, leaping forms with much- 
elongated hind legs. A less prominent type is that represented today by the 
pika, Ochotona, of the mountains of western America and Asia, with short 
legs and short ears. Fossil hares are known in both Eurasia and North Ameri¬ 
ca as far back as the late Eocene and the Oligocene, when Palaeolagus (Fig. 
377) was apparently not imcommon in North America. The pikas, before 
the Pleistocene, appear to have been an Old World group whose earliest- 
known appearance was in the Oligocene. 

Until recently no earlier representatives were known. It now appears, 
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however, that the incompletely known Eurymytus from the late Paleocene 
of Asia is an ancient lagomorph, although the loss in this genus of a small 
premolar debars it from a strictly ancestral position. As far as their structure 
is known, the older lagomorphs appear already to have acquired the typical 
features of the order and show no evidence of particularly close relationship 
to other placental groups. 

The hares and rabbits are a flourishing group, although their history has 
been confined almost entirely to the northern continents. They never reached 
Australia; but their all-too-successful career there since their artificial intro¬ 
duction is a well-known story. 
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VERTEBRATE HISTORY: INTRODUCTORY 
PALEOZOIC VERTEBRATES 

I N PREVIOUS chapters we have considered the history of the various 
vertebrate groups with especial regard to structure and phylogeny. In 
the present chapter and in chapters 28 and 29 we shall review briefly 
the knowledge thus gained in a discussion of the faunal succession of the ver¬ 
tebrates, their distribution in time and space. 

Geologic periods. —The conventional subdivisions of geologic time— 
eras and periods—have, in general, been established on the basis of events 
n the marine waters of Europe and North America; and boundaries between 
periods were set up at points where there appeared to be major breaks in the 
record of deposition or marked changes in the invertebrate life. But it is ob¬ 
vious, a priori, that a break in the record of sedimentation in one region by 
no means proves that a similar cessation will appear in others, and it be¬ 
comes increasingly apparent that sharp lines of demarcation do not in reali¬ 
ty exist. Furthermore, a comparatively sudden change in marine inverte¬ 
brates by no means implies a marked simultaneous change on the continents, 
and many of our most interesting vertebrate faunas lie on the border line be¬ 
tween periods or even eras. The earliest Devonian vertebrates, for example, 
are more like those of the late Silurian than like later Devonian fishes; the 
late Pennsylvanian tetrapods are almost identical with those of the Lower 
Permian. We cannot, however, readjust the period boundaries to suit the 
vertebrates alone, and we may retain the current nomenclature, while recog¬ 
nizing its artificiality (cf. Table 1), 

Correlation of deposits. —In assigning an age to vertebrate-bearing 
beds, the evidence obtained from ^associated invertebrates is exceedingly 
useful. Many of the more important deposits, however, are of continental 
origin and contain almost no invertebrate remains. Here recourse is often 
had to a direct comparison with vertebrates of other regions. If two series of 
deposits contain a considerable number of identical or closely related forms, 
it is highly probable that they are contemporaneous. But if the forms com¬ 
pared are few in number or but distantly related, the argument for contem¬ 
poraneousness is greatly weakened. 
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Negative evidence. —^Any contrast between the life of different periods 
or different geographical areas is based upon the presence at one time or 
place of animals apparently absent at an earlier or later date or from another 
region. But it must be pointed out that, while the presence of an animal may 
be definitely shown, absence is incapable of absolute proof; all that we can 
really say is that remains have not been discovered. Until recent decades no 
placental mammal had been identified in collections from the Cretaceous. 


TABLE 1* 

Table of Geologic Periods 


Era 

Pkrioo 

Approximate Time 
(In Millions of Years) 




Duration 

Since Beginning 

Cenozf)ic (age of mam¬ 
mals and man) 

Quaternary 

1 

1 

I'ertiary 

69 

70 

Mesozoic (age of reptiles) 

Cretaceous 

50 

120 


Jurassic 

35 

155 


Triassic 

35 

190 

Paleozoic (age of inver¬ 
tebrates and primitive 
vertebrates) 

Permian 

25 

215 

Pennsyl¬ 

vanian 

Carbonifer- 

35 

250 


Missi.s.sip- 

pian 

ous 

50 

300 

1 

Devonian 

50 

350 


Silurian 

40 

390 


Ordovician 

90 

480 


Cambrian 

70 

550 


* The older eras, in which vertebrates are unknown, are not included. 


But our knowledge of later mammalian evolution led us strongly to believe, 
despite this negative evidence, that there must have been Mesozoic placen- 
tals. Today, principally owing to work in Mongolia, placentals are known in 
the Cretaceous. Negative evidence of absence has been replaced by positive 
knowledge of the presence of these forms. Again, no trace of coelacanth 
crossopterygians has ever been discovered in Cenozoic strata; and it was 
long believed, with confidence, that the coelacanths had become extinct at 
the end of the Cretaceous. The recent discovery of a liying specimen has 
rudely shattered this belief. 
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It is probable that the range in time or space of many forms with which 
we are familiar was greater than is now known. It is further probable that 
there may have existed many interesting vertebrate types of which no re¬ 
mains have as yet been discovered. But such probabilities are decreasing as 
our knowledge expands. During the present century a very great amount of 
paleontological work has been done, and many strange forms have been 
brought to light. These, however, have been almost always members of 
groups already known or forms tending to connect such groups. 

Environmental differences. —^In a study of past faunas the great 
variety of possible habitats must be taken into consideration. Often the 
structure of an animal gives much evidence concerning its environment. The 
teeth may afford a basis for distinguishing between forest-living browsing 
types and plains-dwelling grazers; the limbs may show us whether we are 
dealing with an aquatic, terrestrial, arboreal, or aerial form. The nature of 
the sediments and the associated plants and invertebrates may give us im¬ 
portant additional information as to its surroundings in life or death. 

Among fishes the question of a fresh- or salt-water habitat is often of great 
interest. If a fossil type is found in strata in which marine invertebrates do 
not occur, it is not unreasonable to assume that it inhabited fresh waters. If 
it is accompanied by such invertebrates, it may well be a marine form; but 
this is none too certain if the association is a rare one or if the vertebrate re¬ 
mains are badly broken, for individuals of a river-dwelling type may drift 
out and become buried in the sea. 

Among land animals, distinctions may be made between lowland and up¬ 
land types, forest and plains dwellers. Here an unfortunate difference in the 
probability of preservation appears. Wooded areas are obviously regions in 
which but little deposition of sediments takes place and in which skeletons 
are usually rapidly destroyed by insects or by acids in the soil. Hence our 
knowledge of the evolution of arboreal and forest-dwelling animals is rela¬ 
tively meager; in contrast, deposits are common in plains areas and skeletons 
often preserved. Of the evolution of primates and raccoons we know little; 
horses and dogs, mainly dwellers in open country, are abundant as fossils. 
Deposition has been common in coastal lowlands, but highland regions are 
areas of erosion; in consequence, our knowledge of the evolution of upland 
forms is slight. 

Climates. —^At the present time differences in temperature are a major 
factor in the distribution of vertebrate life. Many groups are confined to the 
tropics, others to arctic or temperate regions. This zonal distribution fohns 
an effective check to migration. Penguins presumably would flourish in the 
arctic regions, polar bears in the south; but they cannot cross the tropics. 
The animal life of Old and New World tropics differs greatly, fw intermigra* 
tion in the more recent geological epochs necessitated a passage through the 
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arctic zone. Similar situations may have strongly influenced the migration 
and distribution of vertebrates in the past. 

Ancient climatic conditions, however, appear to have varied greatly. 
There is considerable evidence suggesting warmer climates at times in the 
past in regions now in the temperate or arctic zones, while ancient glacial 
deposits are known in the present tropical zone. Presumably, there have 
been, throughout geologic history, climatic rhythms—^times in which con¬ 
ditions were mild and equable have alternated with periods of sharply zoned 
climates. There are, however, other possible explanations. Some have sug¬ 
gested a wandering of the poles and consequent readjustments of climatic 
bands, others an actual movement of continental areas. 

The vertebrates themselves offer evidence as to the climates in which they 
lived. Living “cold-blooded” reptiles and amphibians cannot exist in arctic 
or subarctic regions, and most of the extinct ones may have had similar limi¬ 
tations. But this type of reasoning must not be carried too far. Elephants 
and rhinoceroses today are tropical animals; but we know that, in the Pleis¬ 
tocene, hairy types closely related to living forms in both groups existed near 
the glacial front. The evidence of plant and invertebrate life is important in 
determining climatic conditions. Plant types now characteristic of the tropics 
once grew in Greenland. It is probable that this indicates a former warm cli¬ 
mate there; but it is possible that plant habits have changed. The sediments 
themselves commonly suggest the nature of the climate under which they 
were formed. For example, striated rock surfaces and deposits similar to 
those made by recent glaciers are indicative of ancient ice ages. But the evi¬ 
dence of sediments is not always beyond doubt. Red beds, for example, were 
long thought to indicate aridity; but red deposits are now being laid down 
at the mouth of the Amazon and in other warm regions of abundant rainfall. 

Migrations. —^No matter how potentially successful a newly evolved 
form may be, obstacles are often present which prevent its invasion of re¬ 
gions in which it might flourish. The greater part of the world has always 
been covered by seas, and migration is comparatively easy for marine forms. 
Even here, however, barriers may exist, due, for example, to differences in 
water temperature or salinity. For terrestrial forms there are numerous types 
of barriers. Forests, deserts, and mountains, as well as temperature differ¬ 
ences, are often effective bars to migration. The greatest obstacle, however, 
is the lack of a land connection, the interposition of a broad body of water 
between continental areas. Many oceanic islands have no native land verte¬ 
brates of any sort; no terrestrial mammal has ever reached New Zealand. 

Viewed on the ordinary Mercator map, intercontinental migration ap¬ 
pears a complicated process. On a north polar projection, however, the situa¬ 
tion is much simplified. Europe and Asia form a unit, and North America is 
separated from them only by a narrow strait across which dry land is be- 
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lieved to have stretched at many times. From this northern land mass de¬ 
pend three great southern peninsulas. South America, Africa, and Australia. 
The first two are connected with the north by narrow isthmuses believed to 
have been under water in earlier times, while Australia is separated by an 
island-studded region which may once have been dry land. Many of the 
facts of vertebrate distribution in past and present times are readily ex¬ 
plained by a make or break of these four connections. 

Land bridges have often been built in the minds of scientists to account 
for certain facts of distribution. Some of these structures are quite fanciful, 
made in an attempt to explain the real or supposed resemblances between 
one or two animal types in two disconnected regions but disregarding the 
divergences between the two regions in other animal groups. Others, how¬ 
ever, deserve more serious consideration. This is especially true of bridges 
advocated between the three southern continents. The presence of carnivo¬ 
rous marsupials in Australia and in the South American Tertiary has sug¬ 
gested the possibility of a former land connection between these two areas. 
South America and Africa show resemblances not only in some mammalian 
types but also in some groups of fresh-water tcleostean fishes and in the 
presence of related lungfish genera, and a connection between them in the 
early Tertiary has been strongly advocated. Elsewhere it has been pointed 
out that many of these facts may be accounted for by the former presence of 
the common types or their ancestors in northern areas from which these con¬ 
tinents might have been reached without any major change in land areas. 
One must not “erect” a bridge for the convenience of one group of animals 
without taking into account its effect upon other elements of the fauna. For 
example, hystricoid rodents with relatives in Africa appear suddenly in 
South America in the Oligocene, A transatlantic land bridge would afford 
easy access for the rodents and an easy solution for the problem concerning 
them. But in both continents there were numerous other animals that one 
would think equally capable of crossing such a bridge. There is, however, no 
evidence that they did cross. Land bridges that transmit but one type of 
animal, and in but one direction, may have existed; but their existence is 
highly improbable. 

Such bridges, however, may have been somewhat selective in their nature 
in many cases. The present “bridge” between the two Americas has allowed 
the passage of many animal types. Among the ungulates, deer, peccaries, 
tapir, and camelids have made successful southern migrations, but the 
plains-loving bison never penetrated beyond Honduras into this region of 
tropical jungles and mountains. The Behring Straits connection between 
Asia and Alaska was a well-traveled highway of migration in the Pleistocene. 
But warmthdoving animals, such as most of the antelopes, the giraffes, and 
hippopotami^ were unable to qross. 
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“Island hopping’’ is a partial solution for some problems of migration. 
Asia and Australia have not been in direct contact, it seems certain, at any 
time during the Cenozoic. Between them, however, stretch the East Indies, 
separated by short gaps, certain of which may have been, at times, dry 
land. Scattered down the island chain one finds a decreasing percentage of 
placental mammals of Asiatic origin. Certain rat types have made the whole 
series of “hops” to Australia; a few marsupials have worked part of the re¬ 
verse journey. 

It seems certain that land animals do at times cross considerable bodies 
of water where land connections are utterly lacking. The West Indies and 
Madagascar, for example, have sparse mammalian faunas which are com¬ 
posed of a few odds-and-ends of the numerous mammal groups found on the 
neighboring continental areas. Obviously, these forms have reached their 
island homes by some chance type of oversea transport. Floating masses of 
vegetation, such as are sometimes found off the mouths of the Amazon, may 
be one means of effecting this type of migration. Even the case of the entry 
of the hystricoids into South America may be a case of this sort. The South 
Atlantic is broad, and the chances of a crossing very poor; but Tertiary time 
was long, and one successful crossing might populate a continent. 

A majority of geologists believe that the existing continents have pre¬ 
served their identities and locations through a vast period of time, and this 
has been tacitly assumed above. Many workers, however, incline to a belief 
in floating continents; it is suggested that the land surface of the earth once 
constituted a single mass, from which America has broken away westward 
and Australia spread to the east. Most of the continental connections sug¬ 
gested by this theory are quite unnecessary for the explanation of vertebrate 
distribution, and some of the Cenozoic continental relations assumed are at 
variance with the facts of vertebrate history. But, in general, the hypothesis 
is neither strongly supported nor disproved by vertebrate evidence, and its 
truth or falsity must be decided from other lines of evidence. 

CAMBRIAN 

During the Cambrian, earliest of the Paleozoic periods, almost every ma¬ 
jor type of invertebrate life makes its appearance, and many groups have al¬ 
ready become so highly organized and diversified that we may be sure that 
they have already been in existence for a long period of time. But verte¬ 
brates appear to be absent from the record. This might perhaps be accounted 
for by the fact that the probable ancestors were soft-bodied forms which we 
should not expect to find fossilized under ordinary conditions. But even in 
the case of a remarkable Middle Cambrian deposit in British Columbia in 
which the shales have preserved very delicate impressions of soft-bodied in¬ 
vertebrate' types such as jellyfishes, no chordates of any sort have been rec- 
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ognized. Either vertebrate ancestors were extremely rare or else were absent 
from the salt waters in which all well-known Cambrian deposits were laid 
down. 

ORDOVICIAN 

Ordovician sediments are likewise predominantly marine in origin. Inver¬ 
tebrates are abundant and diversified, but vertebrates have been reported 
in but one formation, and these are fragmentary remains not giving us any 
idea of the appearance or anatomy of these forms. In the early Upper Ordo¬ 
vician Harding Sandstone of Colorado and other western states are scraps 
of material which in microscopic structure are seen to be pieces of the dermal 
armor of vertebrates, presumably ostracoderms. The sediments are consid¬ 
ered estuarine in nature. A reasonable interpretation is that the vertebrate 
scraps are those of stream-living types whose remains were carried down to 
river mouths. This is but one of many lines of evidence strongly suggesting 
that the Lower Paleozoic vertebrates developed in inland waters. Their al¬ 
most utter absence from the fossil record of the first half of the Paleozoic 
may be correlated with the fact that almost no continental sediments of such 
high antiquity are known today. 


SILURIAN 

For most of the Silurian the sedimentary record is again one of marine 
areas and abundant marine life, with little or no trace of vertebrates. In the 
late Silurian, however, began the Caledonian Revolution, a time of earth 
disturbances and of the building in Europe of great mountains, of which the 
Scottish Highlands and the Scandinavian ranges are renmants. The erosion 
of materials from these mountains resulted in greatly increased continental 
deposits in northern Europe from Great Britain to Spitzbergen and Russia. 
In these beds are foimd the oldest adequately known vertebrate types. 

The earlier Upper Silurian deposits of Europe, grouped as the Ludlow, 
tended to change in type from marine to estuarine or even continental sedi¬ 
ments. Typical marine invertebrates become rarer near the top of the series, 
and there remain only such types as the eurypterids, which may have been 
fresh-water forms. With this progressive change, vertebrates make their ap¬ 
pearance and become increasingly numerous. In western England the Lud¬ 
low bone bed, a layer scarcely a foot thick but of wide extent, derives its 
name from the fact that it is full of tiny vertebrate plates and spines. The 
latest Silurian of Europe is termed the Downtonian. It consists in great 
measure of red sediments, ^Tassage Beds,” diflScult to distinguish from the 
overiying Old Bed Sandstone and so similar to that series that some writers 
have advocated placing these beds in the Devonian. Numerous vertebrate 
finds have been made in these ^Passage Beds” in western England, southern 
Scotland, southern Norway, Spitzbergen, and Poddia. In general, the con* 
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ditions are of a nature suggestive of fresh-water origins. An exception, how¬ 
ever, is the important locality of Oesel in the Baltic, where vertebrate-bear¬ 
ing layers occur in a limestone series, interdigitated with others carrying a 
marine fauna; conditions here have been interpreted as estuarine. In the 
America Silurian, vertebrate localities are few in number, and finds are 
rare; they are for the most part in sediments comparable to those of the 
Downtonian. There are no records of Silurian vertebrates in any other 
region. 

The only well-preserved vertebrates are, as might be expected, agnathous 
types. All major groups of ostracoderms are present and are highly developed 
and diversified. They appear to have been then at the peak of their career 
and to have had behind them a long history, of which, because of lack of 
earlier continental sediments, we know almost nothing. There are abundant 
cephalaspid types, such as Tremataspis and Hemicyclaspis, and numerous 
primitive pteraspids (Poraspis, Anglctspis, Cyathaspis, etc.). Nearly all the 
known anaspids, such as Birkenia and Pharyngolepis are from the Down¬ 
tonian, as are most of the remains of the problematical coelolepids, as The- 
lodus and Lanarkia. 

No skeletons of jawed vertebrates have as yet been discovered in the 
Silurian. But such was the variety of these forms in the overlying Lower 
Devonian that it is certain that they were undergoing development in the 
Silurian. Proof of this is afforded by the fact that the late Silurian bone beds 
are filled with spines and plates which probably belong in some measure to 
forerunners of the acanthodians and arthrodires of the early Devonian. The 
fragmentary nature of these remains suggests that they had been washed 
down from areas farther inland, in which the evolution of jawed fishes was 
in progress—^the higher reaches of streams in the uplands formed as a result 
of the Caledonian mountain-building. But it is almost beyond hope that 
these ancestral forms will ever be found as fossils, since such highland areas 
are regions of erosion rather than of deposition. 

DEVONIAN 

Although amphibians had evolved by the end of the Devonian, this period 
is often, and reasonably, called the ‘‘Age of Fishes.** The short list of Silurian 
vertebrate localities was confined essentially to fresh-water deposits of Eu¬ 
rope and eastern North America. In the Devonian our perspective widens. 
As will be seen, new continental areas are added to the list before the close of 
the period; further, some of the lower fish groups rapidly spread into salt¬ 
water environments, and hence marine formations of the later Devonian fre¬ 
quently include vertebrate remains. 

Davonian localities. —^The classic localities for Devonian fresh-water 
fishes are those of the Old Bed Sandstone of Great Britain, particularly 
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TABLE 2 


Paleozoic Vertebrate Localities 



European Stages 

Europe 

North America 

Other Continents 

Permian 

Thuringian (Tar¬ 
tarian) 

Sarma fm., N. Dvina R.- 
“Zone IV” (Russia); 
Cutties Hillock (Scot¬ 
land); Zechstein of 
Germany 


Cisticephahis and 
Endotkiodon 
zones of Beau¬ 
fort series (S. 
Af.); Ruhuhu, 
Tanga (E.Af.); 
Chiweta beds 
(Nyassaland); 
Mangwa (Rho¬ 
desia); Bijori 
beds (India); 
Upper New¬ 
castle Coal 
Measures (Aus.) 


Saxonian 

(Kazanian) 

Kupferschiefer (Ger.); 
Magnesian Is. and 
Marl slate of Durham 
(Eng.); ‘‘Zones I-III” 
of E. and N. Russia 

Coconino, Kaibab (Ariz.) 

Tapinocephalus 
zone of Beau¬ 
fort series (S. 

Af.) 


Autunian (Artin- 
skian, Kunguri- 
an) 

Rotliegende at Nieder- 
hasslich, Lebach(Ger.); 
Braunau (Bohemia); 
Autun (Fr.), etc.; War¬ 
wickshire (Eng.); 
southern Norway 

Wichita and Clear Fork 
beds of Texas and other 
red beds in N.M. (Abo), 
Ariz., Oklu., Kans., 
W.Va., etc.; Phospho- 
ria fm. (Wyo.) M;* 

E. Greenland M 

Ecca(S.Af.) (bar¬ 
ren); Dwyka (S. 
Af.); Itarare 
(Brazil); Mhum 
Mu (Kashmir) 


Stephanian 

(Uralian) 

N;^any, Kounova (Bo¬ 
hemia); Commentry 
(Fr.) 

Conemaugh, Mononga- 
hela, L. Dunkard 
(Pa., W.Va., Ohio); 
DanviUe (Ill.) 


Pennsyl¬ 

vanian 

Westphalian 
(U. Muscovian) 

English coal fields of 
Newsham, Yorkshire, 
Staffordshire, etc.; 
Kilkenny (Ire.) 

Alleghany of Linton 
(Ohio); Mazon Cr. 
(Ill.); Joggins (N.S.) 



Namurian 

(Lanarkian, 

L. Muscovian) 

Scottish coal fields 



Missis- 

SIPPIAN 

Dinantian-Visean, 

Toumaisian 

Edinburgh coal field— 
Loanhead, Gilmerton, 
Airdrie, etc. (Scot.); 
Caldferous ss. and Ce- 
mentstones of S. Scot¬ 
land—^Burdiehouse, 
Wardie, Eskdale, etc.; 
Limestones near Bris¬ 
tol (Eng.), Armagh 
(Ire.) 3/ 

Mauch Chunk at Hinton 
(W.Va.); Albert Mines 
(N.B.) St. Louis, Keo¬ 
kuk, Burlington Is. (la.. 
Mo.. Ill.) M 



* if ■* Marine. 
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TABLE 2 —Conimued 



European Stages 

Europe 

North America 

Other Continents 


Famennian, Fras- 
nian (Chautau- 
quan, Senecan 
of N.A.) 

U. “Old Red” of Scot¬ 
land, Shetland, W. 
Eng.; Baltic States; 
Russia; Rhineland 
(Wildungen, etc.) M; 
Boulogne region (Pr.) 
M 

“Catskill” of N.Y. and 
Pa.; Scaumenac Bay 
(Que.); Colo., Ariz.; 
Ellesmere Land; E. 
Greenland; Cleveland 
Shale (Ohio) M; “Che¬ 
mung” of N.Y. and 

Pa. M; Cedar Valley 
(la.) M; Milwaukee 
(Wis.) M; Hamilton of 
N.Y., Ont. M 

Antarctica; Vic¬ 
toria, N.S. 

Wales (Aus.); 
central Asia 

Devon- 

IAN 

Givetian, Eifelian 
(Erian, Ulsteri- 
an of N.A.) 

M. “Old Red” of N. Scot¬ 
land, Orkneys, Shet- 
lands; Baltic States; 
Wijhe Bay series 
(Spitzbergen); Rhine¬ 
land M 

Ellesmere Land; E. 
Greenland; Onondagan 
ls.ofN.Y.,Ont.,Ind., 
M; Columbus and 
Delaware Iss. of Ohio, 
M 

N.S. Wales (Aus.) 


Emsian, Siegeni- 
an or Gedin- 
nian, Dittonian 
(Ori^anian, 
Helderbergian 
of N.A.) 

Podolia ( Ukraine); L. * ‘Old 
Red” of S. Scotland 
and W. Eng.; Wood 
Bay and Grey Hoek 
series of Spitzbergen; 
Rhineland M (in part) 

Campbellton (N.B.); 
Beartooth Butte 
(Wyo.) 



Down Ionian (Ca- 
yugan of N.A. 
in part) 

Red Downtonian “Pas¬ 
sage Beds” (Scotland); 
Temeside shales, 
Downton ss. (W. Eng.); 
Podolia (Ukraine); 
Oesel (Esthonia); Gott- 
land (Sweden); S. Nor¬ 
way; Red Bay (Spitz¬ 
bergen) 



Silurian 

Ludlovian (Cayu- 
gan of N.A. in 
part) 

Lanarkshire (Scot.); 
Whitcliffe Flags, Lud¬ 
low bone bed (W. Eng.) 

Salina (Perry Co., Pa.) 



Salopian (Wen- 
lockian, Niaga- 
ran of N.A.) 


Rose Hill fm. (Pa.); Ne- 
peris Hills (N.B.) 



Valentian (Me- 
dinan of N.A.) 


Shawangunk (N.Y.) 



Scotland. These continental deposits embrace nearly the whole extent of the 
Devonian and are divided into lower, middle, and upper portions. The Lower 
Old Red is, we have noted, essentially continuous with the underlying Down- 
tonian; it is well represented in southern Scotland and western England. 
The Middle Old Red, richly fossiliferous, is found in large areas of northern 
Scotland—the Moray Firth region, Caithness, the Orkneys, and even the 
Shetland Islands. The Upper Old Red is, in contrast, more limited in extent 
and confined to a number of small areas in England and southern and central 
Scotland. 



51B 


VERTEBRATE PALEONTOLOGY 


Sediments comparable in nature and in faunas are found in many other 
regions. Lower Old Red equivalents are present in Podolia, in Spitzbergen, 
and in America at Campbellton, New Brunswick, and Beartooth Butte in 
Wyoming. Sediments of the type of the Middle and Upper Old Red are still 
more widespread—Spitzbergen, eastern Greenland, Ellesmere Land, the 
Baltic States, western and northern Russia, and Australia. Deposits equiva¬ 
lent to Upper. Old Red are common in continental North America. Scau- 
menac Bay in eastern Canada is a famous locality of this age, and in New 
York State there is a great series of Upper Devonian red beds to which the 
term “Catskill” is often (but loosely) applied. Fish faunas of this age and 
type are further found in northern and central Asia and even Antarctica and 
hence extend nearly from pole to pole. It may be noted that these ‘‘Old Red” 
faunas appear to be remarkably uniform in nature; at any given horizon the 
same genera may be found in areas far removed from one another. 

During the course of the Devonian, marine localities become increasingly 
important for the vertebrate record. The moimtains of the middle Rhine in 
Germany show a series of sediments of this type. In the late Lower Devonian 
there are here several beds with vertebrate remains, interlarded between 
purely marine layers and probably brackish in nature. In the Middle and 
Upper Devonian there are numerous vertebrate localities in western Ger¬ 
many which appear to be typically marine; Wildungen, with an abundant 
Upper Devonian fish fauna, is the most famous. 

Middle and Upper Devonian deposits similarly marine in nature contain 
vertebrates in a number of other regions, particularly North America. In the 
Middle Devonian there are plentiful fish remains in the Columbus and Dela¬ 
ware Limestones of Ohio and their equivalents in other states. In the Upper 
Devonian, the “Chemung” deposits in western New York and Pennsylvania 
contain marine vertebrates. The black Cleveland shales of Ohio, which lie 
close to the Devonian-Mississippian boundary, are notable for the variety 
of their vertebrate remains and for the delicate preservation of some of the 
sharks found in them. 

Lower Devonian fishes. —^The fish fauna of the Lower Devonian differs 
markedly from that of later portions of the period and is in great measure 
simply a continuation of that seen in the late Silurian. Ostracoderms are 
stiU fairly abundant, although not so numerous or so varied as earlier. There 
are a numben of genera of the Cephaiaspis and Pteraspis groups; anaspids 
and coelolepids, however, are relatively rare in the Devonian. 

Jawed fishes are now added in abundance to the faunal assemblage. There 
are, however, no Chondrichthyes identified and, except for one rare fore¬ 
runner of the crossopterygians (Porolepis)^ no higher bony fishes. Ihe early 
Devonian gnathostomes are predominantly placoderms. They are already 
divenrified, and two groups are plentifully present. Acanthodian “lipiny 
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sharks’’ are now, in their first definite appearance, at their height in variety 
and abundance in such genera as Parexus, ClimatiuSy etc. A second common 
placoderm group is that of Arctolepis and other primitive arthrodires with 
enormous pectoral spines. 

In general, there is little reason to believe this fauna to have been other 
than a fresh-water one. In the Rhineland Lower Devonian, however, we find 
an assemblage of fishes suggestive of a change to, or at least toward, a marine 
life. Some of the normal ‘‘Old Red” elements are present, but, in addition, 
there are the curious armored but sharklike stegoselachians, Oemuendina 
and Stensioella; an odd, arthrodire-like type, Lunaspis; and an abnormal 
heterostracan, Drepanaspis. These forms seem to be representative, in part, 
of the ancestors of the marine forms of the later Devonian. 

Later Devonian fresh-water fishes. —^Although deposits of “Old 
Red” type continued without interruption into middle and late Devonian 
times, their fauna changed greatly. Except for a few rare cephalaspids and 
anaspids, the once abundant ostracoderms have disappeared. The placo¬ 
derm assemblage has changed in character. Acanthodians persisted through 
the Devonian—indeed, into the Permian—^but are then and thereafter rela¬ 
tively rare types. Arthrodires are present in these continental sediments but 
are not abundant. Coccosteus is an “orthodox” arthrodire of advanced type; 
HomostiuSy HeterostiuSy and Phyllolepis are depressed forms, perhaps indica¬ 
tive of brackish-water conditions; ptyctodonts, such as Rhamphodopsisy are 
rare in continental deposits. PalaeospondyluSy a tiny form perhaps belonging 
to the placoderms, is known from but a single quarry in Scotland but is very 
abundant there. 

New additions to the placoderm group are the antiarch genera, such as 
Asterolepisy PterickthyodeSy and BothriolepiSy which were among the most 
common fishes of middle and late Devonian times. 

The sharp decline among these lower fish groups (antiarchs excepted) is 
apparently due to the sudden appearance, in great abundance and variety, 
of the Osteichthyes, the higher bony fishes. In the Middle and Upper “Old 
Red” and its equivalents, there are numerous rhipidistian crossopterygians 
(such as OsteoUpis and Eitsthenopteron) which were the dominant predaceous 
forms of their times, and rare primitive coelacanths. Dipnoans flourished in 
such genera as Dipterus and Scaumenaday similar in externals to their cros- 
sopterygian cousins but already specialized in skull and dental structure. 
Prosent, too, were primitive actinopterygians—^the palaeoniscoids ChdroU 
0pi9y Stegotrachelusy and Rhadinichthys —^but, in contrast to their later abun¬ 
dance, they were rare until late in the period. 

This marked change in the vertebrate assemblage—^this sudden appear¬ 
ance of the Ostekhthyes—is an important milestone in vertebrate history. 
Only a lew fragments of a dngle rare form were present to represent this en- 
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tire class in the Lower Devonian, and yet, at the time of their Middle De¬ 
vonian incursion, the various types were already quite distinct, with impli¬ 
cations of a long antecedent history. Where their evolution took place—in 
upper river reaches or in some unknown continental area—is a major ques¬ 
tion to which we have no ready answer. 

Marine life. —The seas of the later Devonian witnessed an evolutionary 
development among fishes quite different in many respects from that seen 
in inland waters. The Agnatha are rare, although the heterostracan Psam- 
mosteus and its relatives persisted in presumed estuarine conditions, and al¬ 
though we must, further, assume the survival of degenerate agnathous forms 
ancestral to the modern cyclostomes. Placoderm history in the seas was a 
different story from that of streams. The presence of marine acanthodians in 
the late Devonian is suggested by numerous spines of appropriate character, 
and the stegoselachians persisted in later marine deposits. Lunaspis of the 
Lower Devonian was antecedent to Macropeialichthys and related forms, 
widespread in mid-Devonian limestones. The antiarchs appear to have, in 
general, kept to fresh waters. Arthrodires, however, flourished greatly in the 
Devonian seas. In the Upper Devonian, particularly in the Rhineland and 
the Cleveland shales, are found a great number of advanced arthrodires, 
varied in structure and varied in size from forms of modest proportions to 
giants like Dinichihys, 

Parallel to the deployment of the Osteichthyes in inland waters was the 
rise of the Chondrichthyes in the seas. The sharklike fishes are unknown in 
the Lower Devonian, although the stegoselachians ^ggest the nature of 
their evolution, and even in the Middle Devonian we can identify them only 
from a few teeth of the primitive Cladodus type. By the end of the period, 
however, primitive sharks— Cladoselacke and Cienacanthus —were highly 
developed; their structure is well shown by specimens in the Cleveland shale, 
which have preserved in remarkable fashion even such soft and microscopic 
structures as muscle-fiber striations. In late Devonian deposits we further 
find teeth showing the appearance of the bradyodont mollusk-eaters and pos¬ 
sibly the pleuracanths. 

Fish evolution in the Devonian. —^The close of the Devonian witnessed 
the decline or disappearance of many important fish groups. The ostraco- 
derms were already reduced in numbers early in the period and did not sur¬ 
vive its close. Antiarchs and arthrodires, although numerous in the Upper 
Devonian, disappeared before the opening of the Carboniferous. In the space 
of a single period, almost every fish type present in the Lower Devonian was 
wiped out except for a few acanthodians. 

The more important events in Devonian fish history include (1) the de¬ 
cline and fall of the ostracoderms; the rise and decline of the acanthodL 
ans; (3) the rise and disappearance df the arthrodires; (4) the appearance in 
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the middle Old Red of the flourishing antiarchs and their extinction at the 
close of the period; (5) the rise of sharklike forms in the late Devonian; and 
(6) the sudden appearance in the middle Old Red Sandstone of the bony 
fishes. 

For completeness, this body of knowledge leaves much to be desired. A 
chronological treatment tends only to throw into stronger relief the fact that 
we know almost nothing of the origin or real relationships of most of the ear¬ 
ly fish groups. 

Amphibians. —It was noted in earlier chapters that the Devonian was 
probably a time of marked seasonal droughts; much of the success of the 
bony fishes (and perhaps the antiarchs) may have been due to their posses¬ 
sion of lungs and other drought-resisting adaptations. I'he amphibians ap¬ 
pear to have been, in their initial period, merely another fish group which 
had developed terrestrial locomotion as a further device helpful under Devo¬ 
nian conditions of life, and their early development from the crossopteryg- 
ians occurred in that period. The first stages in their history are, however, 
poorly known; we possess only a skull roof (Elpistostege) from the Upper 
Devonian of Scaumenac Bay, which is that of a very fishlike amphibian or 
very amphibianlike fish, and, from a Greenland formation close to the Devo¬ 
nian-Carboniferous border, several skulls of the primitive ichthyostegid 
amphibians. 

CARBONIFEROUS 

The time covered by the deposits frequently grouped as the Carboniferous 
Period is very great. In North America a division into two periods—^Missis- 
sippian and Pennsylvanian—is now customary, for there is generally a de¬ 
cided contrast between a lower division in which marine limestones pre¬ 
dominate and an upper one characterized by coal seams and shallow-water 
deposits. Since the fish faunas which still constitute the bulk of vertebrate 
remains are not sharply contrasted, we shall here consider the Carboniferous 
faunas as a unit. 

Vertebrate localities. —The Lower Carboniferous, or Mississippian, 
is predominantly marine and is represented, for the most part, by thick 
series of limestones. These frequently contain rich invertebrate faunas; less 
frequently they contain the remains of marine fishes, usually in the form of 
isolated spines or teeth. Formations and localities of this sort include the St. 
Louis, Burlington, Keokuk, and other limestones of the Mississippi Valley; 
a rich horizon in the Carboniferous limestone series near Bristol, England; 
a similar formation at Armagh in northern Ireland; and numerous other 
limestone localities in western and central Europe and Russia. 

Continental deposits are, on the other hand, rare. In North America there 
are few localities of this sort; exceptional are those at Albert Mines, New 
Brunswick, where large numbers of a few species of fresh-water fishes are 
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present in oil shales and at Hinton, West Virginia, where a few fishes and 
amphibians have been recovered from a late Mississippian shale. In other 
continents there is likewise an almost complete lack of Mississippian fossils 
of continental origin. Scotland forms the sole exception. In the southern part 
of that country the Lower Carboniferous is highly developed. Some lime¬ 
stones are present, but materials of a more continental type are prominent 
calciferous sandstones, oil shales, and even coal seams. At various localities, 
often seemingly estuarine in nature, there are rich fish faunas and, in addi¬ 
tion, near the Firth of Forth, occasional finds of amphibians. 

Pennsylvanian fossil deposits are, in contrast to those of the Mississippian, 
predominantly continental in type. This was the time at which the most im¬ 
portant coal seams of Europe and North America were formed; and numer¬ 
ous inhabitants of the coal-swamp pools have been preserved in the shales, 
ironstones, and impure cannels associated with the coals. In Europe the 
typical Coal Measures are included in the Westphalian fioral zone. Although 
coals of this age are abundant on the Continent, Westphalian fossil finds are 
almost entirely confined to the British Isles, where Newsham near New¬ 
castle and Kilkenny in Ireland are important localities. In the late Pennsyl¬ 
vanian appears the Stephanian flora, transitional to that of the Permian. 
The coals of this horizon are well represented on the Continent, and Stepha¬ 
nian vertebrates are richly represented at Nyfany (Niirschan) and Kounovd 
in Bohemia. 

In America the earliest Pennsylvanian formations—those of the Potts- 
ville—are, so far as is known, barren. In the somewhat later formations, 
equivalent to the Westphalian of Europe, there are several rich deposits, in¬ 
cluding a pocket of fossiliferous cannel coal at Linton, Ohio; nodules con¬ 
taining vertebrates, as well as plants, in the coal shales at Mazon Creek, 
Illinois; and material filling the hollow stumps of coal-swamp trees at the 
Joggins, Nova Scotia. Other scattered North American localities are of late 
Pennsylvanian age (Stephanian). In some areas and horizons typical Coal 
Measures conditions persist; in others there is a transition to red sediments, 
which continue without break into the Permian. 

Despite the predominance of discoveries of continental forms of life, 
marine vertebrates are not uncommon finds in the Pennsylvanian. Some are 
present in typical marine beds. More important, however, is the fact that 
coal deposition was not a continuous process but a cyclical one, and layers 
of marine origin containing teeth and spines of sea dwellers are frequently 
present between successive coal horizons. 

Fresh-water fishes. —The character of Carboniferous fish life in inland 
waters was markedly different from that of the Devonian. Of lower fish 
groups, the ostracoderms were extinct; gone, too, were the antiarchs so 
numerous in the late Devonian. Aeanthodians persisted in small numbers. 
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and, of the sharklike fishes, the pleuracanths were common in many locali¬ 
ties. All other fresh-water forms were members of the Osteichthyes. But, 
although the groups represented were the same as in the later Devonian— 
crossopterygians, lungfish, and palaeoniscoids—^their relative abundance 
had changed greatly in character. In the Devonian the two choanate groups 
were dominant, the ray-fins rare. In the Carboniferous, perhaps in correla¬ 
tion with changed environmental conditions, the proportions were reversed, 
Megalickthys and a few other crossopterygians, including fresh-water coel- 
acanths, survived in reduced numbers; the dipnoans, as Sagenodus and 
CtenoduSy were a modest group. They were vastly outnumbered by a host 
of palaeoniscoids, which appear to have swarmed in every Carboniferous 
pool and river. About two-score genera have been described; some were still 
rather primitive in nature, others specialized or advanced in various degree. 

Marine fishes. —^In the sea as on land, the archaic fish groups were re¬ 
duced in numbers. There are no ostracoderms; of the placoderms, fin spines 
suggest the survival of large acanthodians, but the arthrodires are absent. 
Nor was there any notable tendency, as yet, for a marine invasion by the 
higher bony fishes. 

The Chondrichthyes, however, developed greatly in the seas of this age. 
Seldom are entire specimens preserved, but abundant teeth and spines testi¬ 
fy to the number and variety of sharks and sharklike fishes in these oceans. 
Most abimdant were the bradyodonts, mollusk-eating forms which appear 
to have been depressed bottom dwellers analogous to the later skates and 
rays; there are four families and a variety of genera of bradyodonts, which 
had already reached the peak of their development in the Mississippian. 
These fishes were presumably a major prey of the predaceous shark types 
which were also common inhabitants of the Carboniferous seas. Of these 
sharks, some continue to represent the primitive Cladoselcu^he^Ctmacanthm 
group, which had appeared in the later Devonian; others, however, appear 
to have become more “modernized” in fin structure and belong to the hybo- 
dont family, destined to continue into the Mesozoic. 

Amphibians. —^The Carboniferous is the time of greatest development of 
the amphibians. Once evolved, with the possibilities of amphibious, if not 
terrestrial, life before them, they had spread into a host of types varying 
greatly both in structural features and in adaptations. Of the two major 
groups present, the labyrinthodonts are the better known, partly because of 
their tendency to grow to large size. The Devonian ichthyostegids persisted 
but are relatively rare finds. Embolomeres were common inhabitants of the 
coal^swamp lagoons; many, such as EogyrinuSy were elongate and slender 
fish-eaters and persistent water dwellers. Toward the close of the Carbonif¬ 
erous appear Diplmeriebron and other forms approaching the reptiles in 
many structural features. The Loxomma group, apparently very common 
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for much of this time, may be an offshoot of the Rhachitomi; more represent¬ 
ative, although primitive, members of this group, such as Dendrerpetoriy 
appear in the Pennsylvanian. Presumably of labyrinthodont derivation were 
AmphibamiLS and Miobatrachus, which appear to show an initial stage in the 
evolution of the frogs. 

Less conspicuous because of smaller size but more abundant and varied 
were the lepospondyls. They appear in early Mississippian horizons and had 
already reached and passed their time of major development by the close of 
the Carboniferous. There were snakelike aistopods, DoUchosorna and Ophid- 
erpeton; numerous nectridians, including “horned'’ forms such as Keraterpe- 
toUy and the elongate Urocordylus; and a host of varied microsaurs, such as 
MicrobrachiSy CoccyiinuSy and Ilylonomus, 

Reptiles. —The development of reptiles, primarily characterized by their 
improved reproductive processes, took place during the Carboniferous. Un¬ 
fortunately, our record of their early history is poor, owing, one may believe, 
to the fact that most Coal Measures localities are deposits of a nature which 
tends to include pool dwellers rather than inhabitants of the dry land. Late 
Pennsylvanian records show that the reptiles had at that time become as 
diversified as in the Permian; for we find not only specialized cotylosaurs of 
the diadectid type but pelycosaurs—even the peculiar, long-spined Edapho- 
saurus. In the earlier, Westphalian, Coal Measures there are a few obscure 
specimens which may be those of early cotylosaurs, but their nature is none 
too clear. 

PERMIAN 

Sediments. —Toward the close of the Carboniferous a gradual change in 
sediments occurred in many portions of western Europe and North America. 
Coal seams and intervening marine beds gradually gave place to terrestrial 
deposits prevailingly red in color, their materials derived from the great 
mountain masses then being formed, such as the ancestral Alps in Europe 
and the ancestral Rockies and the earliest Appalachians in North America. 
This change in sediments was gradual, and only arbitrary lines of division 
can be made between the Upper Carboniferous and the Permian red beds; 
correspondingly, we find that the vertebrate life of the late Pennsylvanian is 
almost indistinguishable from that of the early Permian. In North America 
an abundant Permo-Carboniferous land fauna appeared in late Pennsylvani¬ 
an times and persisted well into the Lower Permian. Red beds containing 
these forms are found in regions as far apart as New Mexico and Prince Ed¬ 
ward Island but are best developed as the Wichita and Clear Fork groups in 
northwestern Texas. The many specimens collected from the latter region 
give us our best picture of the world’s early Permian life. 

In Europe the lower Permian—^the Rotliegende—is a series comparable 
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in nature to the American red beds; the known fauna, however, is more re¬ 
stricted, presumably because of fewer exposures. A few specimens have been 
recovered from beds of this age in England, France, and Czechoslovakia; 
the most famous locality is that at the Plauen’schen Grunde (Niederhas- 
slich) near Dresden, where slabs containing remains of numerous small am¬ 
phibians and reptiles have been obtained. 

These fossiliferous red-bed deposits cover but the earliest portion of the 
Permian. In America further red-bed deposition continued through much of 
the period, but these levels have not yielded the slightest trace of bone. In 
western Europe the Rotliegende is followed by the Kupferschiefer and the 
marine phases of the Zechstein, with a sparse fish fauna and almost no tetra- 
pods. For land vertebrates of the Middle and Upper Permian we must turn 
to other areas—South Africa and Russia. 

In Africa pre-Permian vertebrates are unknown; there are no fossiliferous 
early Paleozoic sediments of any sort, and those of the Devonian and Car¬ 
boniferous are almost exclusively marine. At the close of the Carboniferous, 
however, there began the formation of the continental deposits of the Karroo 
system, some thirty thousand feet thick, which cover much of the Union of 
South Africa and have outliers in central and eastern Africa and Madagas¬ 
car. At the base is the Dwyka series, late Pennsylvanian or earliest Permian 
in age, containing glacial beds and with a sparse vertebrate fauna. Following 
this are some six thousand feet of the Ecca series, a barren equivalent of the 
lower Permian red beds of Europe and North America. The Beaufort beds 
begin with the Middle Permian and continue without marked break, litho¬ 
logically or faunally, into the Triassic. Their exposures cover a great area 
centering in the Karroo desert of northern Cape Colony and have a rich 
tetrapod fauna. Several zones, named after index reptiles {Tapinocephalus, 
Endothiodon, Cisticephalus) are distinguishable in the Permian portion of 
the series. 

Few fossiliferous continental formations of Permian age are as yet re¬ 
ported from Asia or Australia; and, although Brazil has sediments of Karroo 
type, the Permian beds are unfossiliferous except for a Dwyka equivalent. 
In eastern and northern Russia, however, is found a series of continental de¬ 
posits which corresponds closely to the Permian portion of the Karroo sys¬ 
tem, Although known for a century, serious exploration of these beds has 
only recently begun; they promise to yield a fauna as interesting as that of 
South Africa. A single “pocket’’ near Elgin, Scotland, appears to be an out¬ 
lying equivalent of the latest Russian Permian. / 

Marine Permian formations are abundant,, but most are barren of vertex 
brates. A few fishes only have been found in i'earfy Permian limestones in 
scattered areas of North America (Texas, Nebfcaska, Wyoming, East Green¬ 
land), Russia, southern Asia, and westep*u Alistralia^ Io the later Permian 
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the Kupferschiefer deposits of Germany appear to have been laid down in 
brackish lagoons. 

Fishes. —^As our discussion of localities suggests, marine fish life is almost 
unknown in the Permian. In the earliest horizons there are a few representa¬ 
tives of common Carboniferous chondrichthyan groups—^the last cladodont 
sharks, bradyodonts, and hybodonts; there is little evidence of any salt¬ 
water bony fish in the early Permian. Menaspis and Janassa in the Kup¬ 
ferschiefer are the last of the once abundant bradyodonts, and there were 
a few surviving hybodonts. The old vertebrate fauna of the oceans appears 
to have been almost entirely wiped out at the close of the Paleozoic, although 
it is certain that some hybodonts and bradyodont descendants must have 
survived to give rise to the sharks and chimaeras of later times. The first 
marine radiation ofjthe vertebrates was at an end. 

In fresh waters, Acantkodes survived into the Lower Permian as the last of 
the once important placoderms. Pleuracanthus was a common early Permian 
fresh-water shark but is unknown in later times except in Australia, where 
the group appears to have persisted into the Triassic. The Lower Permian 
also sees the end of rhipidistian crossopterygians; Ectosteorkachis in America 
is the last survivor of this phylogenetically important group. Coelacanths, 
however, persisted in fresh waters. Lungfishes, particularly Sagenodus, were 
common at the beginning of the period but are unrecorded later. 

The dominant types are palaeoniscoids. Relatively few genera are known, 
but they appear to have been varied in nature and included such unusual 
and progressive types as Dorypterus, A single holostean in the late Permian 
marks the beginning of the change in actinopterygian faunas to be witnessed 
in the Triassic. The Kupferschiefer deposits contain actinopterygians which 
may have been able to withstand brackish, if not strongly saline, waters and 
may represent the beginning of the first major invasion of the seas by the 
ray-finned fishes. 

Amphibians. —^There is no marked break between the late Pennsylvanian 
and early Permian in amphibian faunas; the red beds exhibit a final phase in 
Carboniferous amphibian history. There are surviving embolomeres and 
seymouriamorphans, such as Archeria C^Cricotus**) and Seymouria. The 
rhachitomes were already present in the Carboniferous but reached the peak 
of their development in the Lower Permian. Eryops was the common and 
characteristic large form in the American red beds; Actinodon and related 
types were comparable European genera. In addition, there were a score or 
more of rhachitomes of varied character—the dissorophids, armored and 
with exaggerated otic notdies; long-*snouted aquatic types such as Arehego* 
mufus and Chenoprosopm; the flat-headed Trimercrhachis. Lepospondyls 
were reduced greatly in numbers, but there were a few survivors, such as 
Diplomulmt Lysoro^us^ and the gymnarthrids. 



VERTEBRATE HISTORY 


527 


In the later Permian, amphibian life was much reduced. The degenerate 
genus Kotlassia represented the seymouriamorphs in the late Permian, but 
the embolomeres have disappeared. Gone, too, are the lepospondyls (with 
one possible exception). The Rhachitomi alone persisted in moderate num¬ 
bers, in such forms as RhinesuchuSy which, with flatter heads and broadly 
opened palatal vacuities, were entering on a “neorhachitomous’’ condition 
foreshadowing the stereospondyls of the Triassic. 

Cotylosaurs. —^Reptile origins took place in the Carboniferous, but it is 
only with the development of more terrestrial conditions in the red beds that 
we can gain a comprehensive picture of early reptilian life. The “stem rep¬ 
tiles’’ were an important factor in the land fauna of the early Permian. Some 
types, as Limnoscelis, appear to be very primitive; most cotylosaurs, how¬ 
ever, are advanced or specialized in nature,,showing that their point of com¬ 
mon divergence must have been far back in the Pennsylvanian. Captorhinus 
and Labidosaurus are examples of the advanced American captorhinomorphs 
of the early Permian. The commonest of early cotylosaurs, however, are 
those of the Diadectes type, presumed herbivores with highly specialized 
cheek teeth. 

In the later Permian, captorhinomorphs are extinct, or nearly so, and the 
remaining forms are herbivorous diadectomorphs. In the Russian Middle 
Permian are two types of procolophonids—small cotylosaurs which were 
destined to survive and flourish in the Triassic. More abundant in the later 
Permian, however, were the pareiasaurs. These ungainly-looking creatures 
are the commonest of finds in the Middle Permian of South Africa. Their re¬ 
mains are frequently found as if in the position in which they had become 
bogged down in the swamps where they found their food and met their 
death. In the Upper Permian of South Africa, pareiasaurs are relatively 
rare; they were, however, widespread at this time, for there are Upper Per¬ 
mian pareiasaurs in Russia and even in Scotland. 

Pelycosaurs. —^It is of interest that the most prominent of early reptilian 
orders is not a primitive group or one which led to later typical reptiles but 
one destined, after many changes and vicissitudes, to give rise to the mam¬ 
mals. Pelycosaurs had arisen in the later Carboniferous as an early offshoot 
from the stem reptiles and still retained many primitive features. They were 
highly diversified in the red beds. Some, like Ophiacodon, were long-snouted, 
semiaquatic fish-eaters. EdaphosauruSy with long spines and crossbars, and 
Casea were representative of a side line of herbivores. More important phy- 
logenetically were Dimetrodorty HaptodriSy and their relatives, the dominant 
carnivores of the early Permian, from which the later therapsids appear to 
have been derived. 

Therapsids* —^These more advanced, mammal-like reptiles replace their 
ancestors, the pelycosaurs, as the common reptiles of the middle and late 
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Permian; they are abundantly represented in the Beaufort beds of South 
Africa and are present in Russia as well. The great dinocephalians, including 
the carnivorous titanosuchids and the herbivorous tapinocephalids, are con¬ 
fined to, and common in, the Middle Permian; some of the Russian types 
appear to be slightly older in time of appearance and somewhat more primi¬ 
tive than those of South Africa. Dicynodonts are present in the Middle Per¬ 
mian of South Africa but were relatively small and rare; in the Upper Permi¬ 
an these nearly toothless herbivores are the commonest of vertebrates. There 
is, in addition, a variety of more progressive carnivores, gorgonopsians, and 
therocephalians, in the Middle and Upper Permian of South Africa and the 
Upper Permian of Russia. 

Other reptiles. —^It is curious that in the Permian there are few evi¬ 
dences of the ancestry of the reptilian groups which were to become promi¬ 
nent in the Mesozoic. Eunotosaurus of the Middle Permian of South Africa 
is a possible forerunner of the turtles; there are no clues as to the ancestry of 
the ichthyosaurs. Of the synaptosaurs, we find no forms resembling the aquat¬ 
ic sauropterygians of the Mesozoic, but there are a number of relatively 
rare protorosaurs, such as Araeoscelis of the American red beds and Protoro- 
saurus of the European Kupferschiefer. Diapsid reptiles are notably absent 
in the Lower and Middle Permian; in the Upper Permian of South Africa, 
however, there appear a number of small primitive eosuchians, such as 
Youngina, 

The late Pennsylvanian or early Permian witnesses the only appearance 
of that problematical order of small aquatic reptiles, the Mesosauria. Meso- 
saurus is known from the Dwyka of South Africa and an equivalent forma¬ 
tion across the South Atlantic in Brazil; no trace of this group has ever been 
found in northern continental deposits. 

Gondwanaland. —In all three southern continents and in peninsular 
India as well, sediments of similar types are found in the late Paleozoic and 
early Mesozoic; in all three continents there is evidence of pronounced gla¬ 
ciation in late Carboniferous or early Permian time; in all these areas there 
is found a common flora characterized by the genera Glossopteris and Ganga- 
mopteris. This has led to a belief that these regions were then parts of a com¬ 
mon land mass named Gondwanaland, separated from the Eurasian land 
areas by an east-west Tethys Sea. The distribution of the vertebrate life of 
the Permian, especially the Karroo therapsid fauna, has been held to sup¬ 
port this theory. We have noted, however, that in the Middle and Upper 
Permian, in which therapsids are numerous in South Africa, there are few 
known vertebrates of any sort in the deposits of North America and in most 
of Europe. And we have further noted that the one good northern fauna of 
the later Permian, that of Russia, is highly comparable to that of South 
Africa. The therapsids thus furnish no proof of the union and joint isolation 
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of the southern continents. The only favorable evidence for this theory fur¬ 
nished by the vertebrates is the presence of Mesosaurus on both shores of the 
South Atlantic. 

Permian: summary. —The chief characteristics and events of Permian 
vertebrate history are: (1) the disappearance during the period of many 
types of fishes, including cladoselachians, acanthodians, bradyodonts, and 
primitive crossopterygians; (2) continued dominance of palaeoniscoids and 
first appearance of the Ilolostei; (3) disappearance of most of the amphibian 
types and survival (as far as known) only of rhachitomous labyrinthodonts; 
(4) abundance of cotylosaurs; (5) dominance throughout of synapsid rep¬ 
tiles—pelycosaurs in early times, therapsids in the later Permian; and (6) 
presence of rare representatives of other reptilian groups. 

The Paleozoic as a whole. —^In the Paleozoic is included by far the 
greater portion of the vast period of time which has elapsed since life first ap¬ 
peared in abundance. From the point of view of the student of invertebrates, 
the Paleozoic may form a not unnatural unit, since most of these various 
lower-animal groups appeared full fledged at its beginning and at its close 
underwent marked change. But with the vertebrates it is otherwise; these 
forms appeared at a relatively late date and evolved rapidly through a series 
of progressive stages; and at the end of the era our story is broken, so to 
speak, in the middle of a sentence. Looked at in its broadest outlines, the 
history of vertebrates in the Paleozoic is not that of a single chapter in their 
development but of two full cycles and the beginning of a third. 

A first major phase in vertebrate history seemingly occurred in the earlier 
half of the Paleozoic. The earliest vertebrates are imperfectly known except 
at the very end of the cycle—at the Silurian-Devonian boundary. The ver¬ 
tebrates were then a rather obscure gioup of small, bottom-living river 
dwellers, playing but a minor part in the drama of life-development. Then- 
lack of biting mouth parts rendered impossible the trituration of food of any 
degree of size or toughness; this appears to have been a major factor militat¬ 
ing against their development. Mud-grubbers they were, and mud-grubbers, 
seemingly, they were destined to remain. 

But apparently toward the end of the Silurian there took place a great ad¬ 
vance in vertebrate structure which initiated a new cycle in the history of the 
group. This advance was the development of jaws; from this resulted a true 
conquest of the waters by vertebrates. With the development of jaws and 
teeth came the possibility of a predaceous existence, and active swimming 
succeeded the sedentary bottom-dwelling habits of the ancestral types. 
Jawed fishes were exceedingly abundant in fresh waters before the Devonian 
was far advanced and were widespread in the oceans in the Carboniferous, 
although a decisive and permanent conquest of the salt waters was not made 
until Mesozoic times. To this great cycle of aquatic conquest belongs the de- 
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velopment of the amphibians as well, for lungs and tetrapod limbs seem 
originally to have been merely adaptations for a more successful life in in¬ 
land waters. 

In the Carboniferous there took place a second great advance among the 
more progressive vertebrates, resulting in the initiation of a third stage in 
their history. This advance was the release of tetrapods from the water 
through changes which eliminated the aquatic stage in individual develop¬ 
ment. The resulting new cycle of development was the conquest of the land 
by the reptiles. 

Primitive reptiles, little known in the Carboniferous, were abundant by 
the beginning of the Permian. Most of them were members of two ancient 
groups—^the cotylosaurs, stem stock of all true land vertebrates, and the 
synapsids, destined to give rise to mammals. The close of the Paleozoic still 
saw these two groups dominant. Only in the Triassic did this archaic land 
radiation come to an end and these forms give way to newer reptilian types 
which held sway during the rest of the Mesozoic. 



CHAPTER 28 


MESOZOIC VERTEBRATES 


T he Mesozoic era is usually known as the Age of Reptiles, for it was 
during this time that there flourished the great reptilian groups now 
extinct: the varied dinosaurs on land, the flying reptiles in the air, 
and ichthyosaurs, plesiosaurs, and other marine types in the seas. The Meso¬ 
zoic witnessed, as well, the more modest beginning of existing reptile groups 
—^turtles, lizards, snakes, crocodiles. Further, it was during this era that 
birds and mammals, both derived from reptilian ancestors, made their ap¬ 
pearance. Among amphibians the Mesozoic sees the change from old to new 
—extinction of the labyrinthodonts and appearance of typical frogs and 
urodeles. And although our attention naturally centers on higher groups, the 
Ashes of the Mesozoic had an interesting development. During this time 
there developed modern groups of sharks and rays and the chimaeras; the 
ray-finned bony fishes progressed from the chondrostean to the holostean 
grade of evolution and finally to the modem teleost type, 

TBIASSIC 

The Triassic forms an introduction to the Mesozic vertebrate story. At 
its beginning we find faunas both on land and in the water comparable to 
those of the late Paleozoic, During the period, however, there were marked 
changes among both fishes and reptiles; by the close of the Triassic there had 
appeared almost every one of the striking vertebrate groups which were to 
play major roles in the Mesozoic story. 

Vertebrate beds. —The Triassic owes its name to the sequence of fossilif- 
erous deposits characteristic of the period in central and western Europe. 
It opens with the Bimter—^variegated continental beds with sparse verte¬ 
brate remains, deposited on the northern shores of the seas covering the pres¬ 
ent Alpine region. These seas advanced northward; their sediments form the 
Middle Triassic Muschelkalk, a limestone group with a rich fauna. In the 
Upper Triassic, with retreating seas, there is a return to dominantly conti¬ 
nental beds in the Keuper, a series mainly red in color, supposedly deposited 
under arid conditions and with a good assemblage of vertebrate remains. The 
Upper Triassic closes with the Bhaetic, forming a transition to the Jurassic 
and including a number of bone beds. The Triassic areas described are best 
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developed in southern Germany and adjacent regions; Middle and early 
Upper Triassic aquatic vertebrates are abundant at Perledo and other locali¬ 
ties in the southern foothills of the Alps, and the Upper Triassic is repre¬ 
sented in the Bristol district of Great Britain. 

A second important Triassic sequence is that of South Africa. The earlier 
Triassic, poor in fossils in most of Europe, is here represented by the richly 
fossiliferous upper zones— Lystrosaurus, Procolophon, Cynognathus —of the 
Beaufort series. The succeeding Stormberg Series covers the remainder of 
the Triassic; the Middle Triassic beds (Molteno) are barren (except for 
plants), but the Red Beds and Cave Sandstones of the Upper Triassic have 
yielded vertebrates similar to those of the Keuper and the Rhaetic. 

Productive Triassic areas of lesser vertical range and lesser importance 
are scattered through every continent. In eastern Australia deposits with 
rich fish faunas—^Narrabeen, Hawkesbury, Wianamatta—are found at sev¬ 
eral Triassic horizons. Triassic beds important for fishes and amphibians are 
found in Greenland, Spitzbergen, eastern Russia, Madagascar, and India. 
More continental types of deposits comparable to those of the South African 
Lower Triassic are found in several localities in eastern Asia, and phases 
(Middle Triassic?) of the same fauna are seen in East Africa and the Rio do 
Rasto beds of southern Brazil. 

Marine faunas of Middle and Upper Triassic age, more or less comparable 
to those of the Muschelkalk, are to be found in Spitzbergen and in Nevada 
and California. Upper Triassic continental deposits similar in faunal con¬ 
tent, and even in their red color, to the Keuper and Stormberg, are plentiful 
in North America. They include the Newark series of the Atlantic Coast 
(famous for footprints), the Chinle, Dockum, and Chugwater of the West. 
Similar red beds are present in eastern and southern Asia as well. 

Fishes.—^We have noted a marked decrease in the numbers and variety 
of fishes present in the last phases of the Paleozoic: placoderms had become 
extinct, the Chondrichthyes and Choanichthyes were reduced to a few types, 
and only the actinopterygians had remained in a flourishing condition. This 
situation still prevailed in the Triassic. Of the cartilaginous fishes, primitive 
chimaeras descended from the bradyodonts were presumably present but 
are known only from a single poor and questionable specimen; the last lin¬ 
gering pleuracanths are found in the fresh-water Triassic of Australia; Hyb- 
odus and a few related shark types are the only known chondrichthyan in¬ 
habitants of the Triassic seas. Of the Choanichthyes, the typical crossopte- 
rygians were extinct, but the coelacanths had survived and were apparently 
beginning to change their habitat from fresh waters to salt; Ceratodm repre¬ 
sents the lungfishes and is abundant in some formations presumably de¬ 
posited under arid conditions. 

The history of actinopterygian dominance and progress seen in the later 
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1 Australia 

Opal beds (N^.W.); 
New Zealand if 

Tambo ser.. Rolling 
Downs (Queens.) 



Talbraggar (N.S.W.); 
Lower Walloon, 
Durham Downs 
(Queens.) 

Wianamatta inc. St. 
Peter's beds 
(N.S.W.) 

Hawkesbury beds of 
Brookvale, etc. 
(N.S.W,) 

Narrabeen, inc. Gos- 
ford (N.S.W.) 

Africa | 

Baharije stage 
(Egypt); Mada¬ 
gascar 

Uitenhage (S.Af.) 

Tendaguru (E.Af.) 

Madagascar 


Cave Ss. and red 
beds of Stormberg 
series (S.Af.) 

Upper Ruhuhubone 

1 bed, Manda beds 

1 (E.Af.) 

Lyttrosaurus, Procd- 
ophon, and Cynog- 
naiktu zones of U. 
Beaufort (S.Af.); 
Madagascar if 

Asia 

Djadochta (Mongolia); 
Lameta series, Tri- 
chinopoly and Ari- 
yalur stages (Ind.); 
Mt. Lebanon (Syr¬ 
ia) 31 

Iren Dabasu, Oshih, 
()ndar Sair, (Mongo¬ 
lia); Shantung (Chi¬ 
na) 




Maleri (Ind.); red beds 
of Ylinnan 

Shansi (China) 

Sinkiang; Luang Pro¬ 
bang (Indo-China); 
Mangli, Panchet 
(Ind.) 

South America 

Red Beds of Pata¬ 
gonia; Uruguay; 
Ceara (Brazil) 
31 

Neuquem fm. 
(Arg.); Bahia 
(Brazil) M 





Rio do Rasto 
group (Brazil) 


North America 

Lance, Edmonton, Belly R. 
(Alberta-Mont.-Wyo.): 
Fruitland, Kirtland, Ojo 
Alamo (N.M.): Niobrara 
(Kan.) M; Pierre (S.D.) 31; 
Chico (Calif.) 31; Austin 
chalk (Tex.) 31; Monmouth, 
Matawan (N.J.) if; Selma 
(Miss.) if 

Cloverly (Wyo.); Arundel 
(Md.) 

Morrison fm. of western states 
(Como, Lost Cabin, Vernal, 
etc.); Sundance (Wyo.) if; 
western Cuba if 

Navajo ss. (Ariz.) 

Wingate (Ariz.) 

Chinle (Ariz.); Chugwater 
(Wyo.); Dockum (Tex.); 
Newark ser. (Mass.-N.C.); 
Hosselkus Is. (Calif.-Nev.) 
if 

Shinarump (Ariz.); W. Hum¬ 
boldt Range (Nev.) if 

Moenkopi (Ariz.); E. Green¬ 
land if (in part) 

Europe | 

Transylvania dinosaur beds; 
Chalk of S. Eng., Belg., Mae- 
stricht (Neth.), N. France, 
Westphalia 31* 

)\ealden (Eng., Bel^., Hanover); 
Neocomian of Voirons (Switz.j, 
Istria, etc., if; L. Greensand, 
Gau It of Channel region (Eng.) 
if 

Purbeck beds (Eng.); Litho¬ 
graphic Is. of Solenhofen, 
KeUieim (Ger.), Cirin (France) 
31; Oxford clays and Kim- 
meridge beds of S. Eng. and 

N. France M 

Stonesfield slate. Forest Marble 
(Eng.) 1 

Lias of Yorkshire, Dorset (Eng.), 
Caen region (France), Holz- 
maden, etc. (Bavaria) if 

Rhaetic bone beds (S.W. Eng., 

S. Ger., Scania); Keuper and 
Lettenkohle (Ger.); Alpine re¬ 
gion (Perledo, etc.) if 

Muschelkalk of Germany and 
equivalents in Alpine region 
(Besano, etc.) if; Spitzber- 
gen if 

Bunter of Central Europe; “Zone 
V” of N.E. Russia (Yetlugi- 
an); Mt. Bogdo (Russia); 
Spitzbergen if (in part) 

European Stages j 

2^ in 

P 

Lower Cretaceous, 
inc. Albian, Apti¬ 
an, Neocomian 

islli 

p 

||4 

1^1 a 

iy;l 

a 

Lower Jurassic~Lias, 
with var. subdivi¬ 
sions 

Rhaetian, Norian 

1 

j 

1 

1 


Creta- 

oeoua 

i 

1 

Triasaic 
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Paleozoic is continued in the Triassic. The primitive palaeoniscoids are still 
prominent. The characteristic ray-fins of the times, however, are those to 
which the term ‘‘subholosteans” is applied—^forms progressive in character, 
structurally intermediate between palaeoniscoids and holosteans, and prob¬ 
ably giving rise, in polyphyletic fashion, to many families of the latter group. 
There are perhaps half-a-hundred genera and half-a-dozen families of sub- 
holosteans in the Triassic— Dictyopyge, Redfieldia [Catopterus], PerleiduSy 
Saurichthys, and Cleiikrolepis are representative. By the end of the period, 
however, the subholosteans were becoming much reduced in numbers and 
were giving way to typical holosteans—such as Semionotus and Eugnathus — 
which were to dominate in the Jurassic. 

With few exceptions the older actinopterygians were fresh-water forms. 
We have noted, however, that in the later Permian many palaeoniscoids ap¬ 
pear to have existed in brackish waters. In the Triassic a strong trend is ap¬ 
parent among ray-fins toward a marine existence. From this time onward 
the sea is the major center of actinopterygian life and evolution. 

Amphibians. —The Rhachitomi had been the dominant Permian amphib¬ 
ian types; almost all the amphibians in the earliest Triassic beds are mem¬ 
bers of the same group but are ‘‘neorhachitomous’^ forms approaching the 
Stereospondyli in structure. The stereospondyls, although destined to be¬ 
come extinct at the close of the Triassic, flourished greatly for the time. 
They included Tremaiosaurus and other long-snouted fish-eaters of the early 
Triassic; the capitosaurs, prominent throughout the period; the metopo- 
saurs such as Buettneriay with anteriorly placed orbits, abundant in the 
American Upper Triassic; the short-skulled brachyopids. An important 
document is the lone specimen of the primitive “frog,” Protobatrachus, from 
the Triassic of Madagascar; urodele ancestors are known neither in this pe¬ 
riod nor in the Jurassic. 

Primitive reptiie groups. —^In reptilian evolution, the Paleozoic-Meso- 
zoic boundary is almost without meaning. By the end of the Triassic there 
had appeared the typical reptilian groups that were to dominate the later 
Mesozoic; at the beginning of the period, however, the fauna was still es¬ 
sentially a Paleozoic one. 

This archaic fauna is best represented in the South African Lower Triassic 
deposits and in a later phase in those of Brazil; finds from other areas are 
few, but enough to suggest that the South African fauna was one typical of 
most, if not all, of the lands of the early Trias. 

Dominant in the early Triassic were the therapsids. Dicynodonts were 
still flourishing but restricted in variety; notable were large types such as 
Kannenieyeriay and a small amphibious genus, LyatrosavruSy widely dis¬ 
tributed in the early Trias. Gorgonopsians and therocephalians were ex¬ 
tinct and were replaced as carnivores by more prc^pressive relatives or de- 
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scendants—^the cynodonts, such as Cynognathm and Diademodoriy and the 
very advanced Bauria group. A few large dicynodonts survived into the late 
Triassic and seem to have been world wide in distribution. Otherwise, typi¬ 
cal therapsids had disappeared by late Triassic times. Presumably descended 
from them were a number of obscure or aberrant late Triassic forms, the 
ictidosaurs, as Tritylodon and Dromatherium, advanced in nature and close 
to the mammalian evolutionary level. 

Cotylosaurs arc present in the form of Procohphon and its relatives, the 
last survivors of the order. The protorosaurs, too, are a group which had 
arisen in the Permian and persisted into various horizons of the Triassic, 
where they appear in the form of such odd types as Trilophosaurus and the 
peculiar, long-necked Tanystropheus, 

Newer reptile groups. —Other reptile types, however, were making 
their appearance even in the Lower Triassic to mark the beginning of the 
new Mesozoic radiation of reptiles. The little eosuchians, which had been 
present in the late Permian, continue into the Triassic and are presumably 
ancestral to the rhynchocephalians. This last order is represented in the 
early Trias by a few rare primitive types; rhynchocephalians became more 
abundant later in the period and developed, in Rhynckosaurus and its allies, 
a peculiar, short-lived branch of rather large, strong-beaked reptiles. Turtles 
such as Triassochelys, characteristic, if somewhat primitive, members of 
their order, appear—^seemingly suddenly—in the late Triassic. 

Marine reptiles. —In the marine Trias (Muschelkalk) of Germany and 
in other formations of middle and late Triassic age in Spitzbergen and 
western North America, we see an early stage in the development of marine 
reptiles. A number of groups are already represented, and in no case have 
we any adequate knowledge of their ancestry. Most striking are the early 
ichthyosaurs, such as Mixosaurus and Shastasaurus, already well adapted 
for a marine life but somewhat less advanced than their Jurassic descend¬ 
ants in development of paddles and tail fin. Varied sauropterygians are 
present. Particularly common were the nothosaurs, forms already aquatic 
but much less specialized than the plesiosaurs which were to replace them 
in the Jurassic. The Triassic was the period during which there developed 
the placodonts—amphibious moUusk-eating sauropterygians with curious 
resemblances to the turtles. Thalattosaurus of the American Triassic is a 
poorly known marine reptile of obscure relationships. 

Archosaurs. —The archosaurs, or ruling reptiles, were destined to be the 
dominant land vertebrates of the later Mesozoic; the stem order of this sub¬ 
class, the Thccodontia, made its appearance with a few genera in the early 
Triassic and became prominent in the later part of the period but was des¬ 
tined to disappear at its close. Most representative of thecodonts were the 
pseudosuchians—small reptiles with bipedal tendencies, such as Euparkeria 



536 


VERTEBRATE PALEONTOLOGY 


and Ornithosuchus, The phytosaurs are among the commonest of late Tri- 
assic fossils in northern continents—aberrant, long-snouted thecodonts 
adapted to a predaceous amphibious life. Protosuchus of North America and 
similar types from South Africa are transitional in structure between primi¬ 
tive thecodonts and the crocodiles which were to replace the phytosaurs in 
the Jurassic. 

Primitive dinosaurs. —By the latter part of the period the dinosaurs, 
evolved from the pseudosuchians, had made their appearance. Of ornithis- 
chians there is but a single rather dubious fragment from South Africa, but 
saurischians are abundant in Upper Triassic formations, particularly in 
Europe and South Africa. A number were small, lightly built coelurosauri- 
ans, such as Podokesaurus and Saltopus, Teratosaurus is typical of a series of 
large forms leading to the large carnivores of the Jurassic. A third type, of 
which Yaleosaurus (^"Anchisaurus"*) and Plateosaurus are representative, 
consists of heavily built dinosaurs which are the ancestors of the huge Juras¬ 
sic sauropods. 

Triassic: summary. —The vertebrate life of the Triassic is characterized 
by (1) rarity of cartilaginous fishes; (2) replacement of chondrosteans by 
holosteans as the dominant fish group; (3) a trend toward marine life on the 
part of bony fishes; (4) last appearance of the labyrinthodonts; (5) appear¬ 
ance of rhynchocephalians and turtles; (6) development of primitive rep¬ 
tilian marine life, including ichthyosaurs and varied sauropterygians; (7) 
the abundance and radiation of the thecodonts, followed by their extinction; 
(8) appearance and rapid development of the theropod dinosaurs; (9) ex¬ 
tinction of typical mammal-like reptiles, but (10) persistence of forms per¬ 
haps transitional to mammals (ictidosaurs). 

JUKASSIC 

The Jurassic was a time of widespread seas and reduced land areas. For 
most of the duration of the period the principal deposits are of marine origin, 
and it is only toward the close of the Jurassic that continental sediments be¬ 
come prominent. In consequence, our knowledge of aquatic vertebrates is 
much more complete than is that of terrestrial forms. 

Vertebrate localities. —The typical European Jurassic section is al¬ 
most exclusively marine in nature. The Lower Jurassic—the Lias—contains 
numerous localities rich in marine vertebrate remains, particularly on the 
Yorkshire coast; the region of Lyme Regis on the English Channel; the op¬ 
posite coastal region of Normandy; and in southern Germany, particularly 
the famous Holzmaden quarries in Bavaria. The later European Jurassic— 
frequently termed the Dogger and Malm or (combined) the Oolites—^in 
general contains far fewer remains of vertebrates. There are, however, im¬ 
portant exceptions. The Oxford and Kimmeridge clays are rich in fish and 
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reptilian remains. Prominent late Jurassic localities are the lithographic 
limestone deposits of Solenhofen and Kelheim in Germany and Cirin in 
France. Here fine-grained sediments, presumably laid down in quiet, coral- 
reef lagoons, have preserved numerous specimens of fishes and occasional 
tetrapod intruders. Jurassic marine deposits are present in other parts of the 
world and may occasionally produce vertebrates. 

Land vertebrates are, in general, notable for their absence. A few are pres¬ 
ent in the marine Eui’opean records, as at Solenhofen, and in Middle and 
Upper Jurassic estuarine localities in England, at Stonesfield, and in the 
Purbeck beds. An abundant record of terrestrial forms is found only at the 
very end of the period and then only in two regions. The Morrison beds, ex¬ 
posed over large areas of western North America from Montana through 
Wyoming to Utah, Colorado, and even Oklahoma, appear to have been laid 
down under conditions similar to those of the modern Mississippi delta and 
contain a particularly rich dinosaur fauna. Very similar in nature and in 
fauna are the Tendaguru beds in Tanganyika Territory, East Africa. 

Fishes. —The Jurassic, with seas full of invertebrate food, saw the be¬ 
ginning of a great recrudescence of cartilaginous fish life. There appear, in 
the Lias, Squaloraja, Myriacanthus, and other primitive members of the 
mollusk-eating chimaeras, destined to play a modest part in marine life 
from this time forth. Much more important were developments among the 
selachians. From the surviving hybodonts there began to branch off various 
types of modern sharks. Heterodontus and Hexanchus, relatively primitive 
living forms, had appeared before the end of the Jurassic, as had half-a- 
dozen genera representing more modern shark families. Somewhat slower 
to develop were the skates and rays, but the guitarfish, Rhinobatisy a primi¬ 
tive skate type, was already evolved by the late Jurassic. 

Of fresh-water bony fishes we know almost nothing. The sea, however, 
was swarming with members of this class. Apart from Undina and a few 
other coelacanths, all these forms were actinopterygians. There were surviv¬ 
ing palaeoniscoids; the earliest sturgeon, Chondrosteus; and a few subholos- 
teans. Almost all, however, were holosteans. The semionotids Dapedius 
and Lepidotus; pycnodonts such as Gyrodus and Microdon; Aspidorhynchus; 
amioids such as Caturus, Eugnathus, PachycormuSy and Macrosemius; ad¬ 
vanced types such as Pholidopkorus —^these are but a few of the many com¬ 
mon forms. And, in addition, we find, particularly toward the end of the pe¬ 
riod, swarms of small primitive teleosts, such as LeptolepiSy which herald the 
approaching rise of this final major division of the ray-finned fishes. 

Amphibians. —The Jurassic marks the low point in our knowledge of am¬ 
phibian life. Unless a doubtful fragment from Australia belongs to a laby- 
rinthodont, we have only a few bits of frog remains to represent the entire 
class. 
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Marine reptiles. —The notliosaurs and placodonts and the obscure 
thalattosaurs of the Triassic were absent in Jurassic waters, but the seas con¬ 
tained an abundance of marine reptiles. The ichthyosaurs of the period were 
far advanced in their readoption of a fusiform fish body and very fishlike 
fins. In the Lias they appear already to have reached the peak of their de¬ 
velopment. Most of the ichthyosaurs of the period have been included in the 
single genus Ichthyosaurus, but they appear to have actually included a 
wide range of genera varying in paddle and jaw development; Eurhinosaurus, 
for example, is a form closely analogous to the modern swordfish. The sau- 
ropterygians are represented by a variety of plesiosaurs, including short¬ 
necked types, such as Pliosaurus and Peloneustes, and more abundant long¬ 
er-necked genera, such as Plesiosaurus and Cryptocleidus. The only instance 
of invasion of the seas by the archosaurs is the development in the later 
Jurassic of the short-lived group of marine crocodiles, such as Metriorhynchus 
and Geosaurus, 

Dinosaurs. —^But few remains of land vertebrates are known from the 
earlier marine deposits of the period; most of our knowledge of dinosaurs is 
gained from the faunas of the Morrison of North America and the Tendaguru 
beds, both of late Jurassic age. By this time the dinosaurian groups had de¬ 
veloped in spectacular fashion. Among the saurischians, the coelurosaurs 
were present in forms of modest size, as Compsognathus and Ornitholestes, 
Other bipeds had, however, increased in size to produce such large types as 
Allosaurus, Ceraiosaurus, and Megalosaurus, Parallel to this development 
had been the evolution of their gigantic cousins, the amphibious sauropods. 
These appear to have been at the peak of their development in the late Juras¬ 
sic —Diplodocusy Apatosaurus [Brontosaurus], Camarasaurus, Cetiosaurus, 
and Brachiosaurus are among the familiar names. 

The development of the ornithischians appears to have been a slower proc¬ 
ess than that of the saurischians. But by the time of deposition of the Morri¬ 
son and its equivalents a variety of these forms was in.existence. Most were 
bipedal ornithopods of relatively small size, of which Camptosaurus is rep¬ 
resentative. A striking Morrison form is the quadruped Stegosaurus, with a 
double row of plates and spines on its back; Kentrurosaurus is a closely re¬ 
lated East African genus. 

Other reptiles.— Our knowledge of the smaller reptiles of the Jurassic 
is very limited. We find a variety of turtles, mainly of the primitive amphi- 
chelydian group but including, in Thalassemys and its allies, primitive fore¬ 
runners of the cryptodires. Most were presumably amphibious in nature; it 
is possible that some were well along in adaptation to marine existence. 

Homoeosaurus is a small Jurassic reptile exceedingly close to the surviving 
rhynchocephalian Sphenodon of New Zealand; Pleurosaurus and Saphea* 
murus are small types of doubtful position but often included in the Ehyn- 
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chocephalia. Lizards, related to this last order and, like them, presumably 
derived from an eosuchian stock, first appear in the form of two rare Upper 
Jurassic genera. 

Crocodiles are abundant as fossils. We have already noted the develop¬ 
ment of a marine group; there were four other families showing more normal 
amphibious structures. All were in the mesosuchian stage of evolution, with 
the palate less developed than in modern forms. 

The Jurassic was the time of the appearance and greatest development of 
the pterosaurs. In the Lias several genera of long-tailed forms, such as Z)i- 
morphodoriy are present and are already completely adapted for flight. In the 
late Jurassic long-tailed pterosaurs, such as Rhamphorhynchus, are still 
abundant, but we find, in addition, numerous specimens of Pterodactylus, 
with a short tail and more elongated wings. 

Birds. —Our first glimpse of bird life comes from two specimens, Archae¬ 
opteryx and Archaeornis, from the Soleiiiiofen Upper Jurassic lithographic 
stone. It is certain that birds are of thecodont derivation, but earlier stages 
in their development are unknown and would be difficult to recognize if 
found in the absence of feathers. These typical avian structures are here 
present to prove the nature of the specimens despite their retention of teeth, 
long bony tails, and typically dinosaurian “arms.'’ 

Mammals. —We have noted in the late Triassic the presence of rare and 
obscure forms which are seemingly transitional to mammals, and some of 
which may perhaps belong to this group. In the Jurassic, mammals of primi¬ 
tive but varied types are definitely present; they are, however, small, rare, 
and fragmentary. Almost all known specimens come from three sites— 
Stonesfield in the Middle Jurassic of England, the late Jurassic Purbeck 
beds of that country, and a single small pocket in the Morrison at Como 
Bluff, Wyoming. In the Stonesfield locality there is a seeming survivor of 
the tritylodont group; its definitely mammalian fauna is extremely limited and 
includes but two triconodonts and a single pantothere, Amphitherium, The 
two Upper Jurassic sites have a much more extensive fauna; those of the 
two sides of the Atlantic show relatively small differences from one another. 
There are further triconodonts and numerous pantotheres; the symmetro- 
donts make their only known appearance at this time. Plagiaulax and sever¬ 
al relatives are the earliest representatives of the curious aberrant multi- 
tuberculates, destined to persist to Eocene times. 

JurassicI: summary. —^Prominent features of Jurassic vertebrates were: 
(1) among fishes, the height of the holostean supremacy, the appearance of 
the first teleosts and the beginning of the radiation of modern elasmobranch 
types; (2) appearance of frogs, first of the modern amphibians; (3) among 
dinosaurs, the continued expansion of bipedal types in both orders and the 
evolution of armored forms and of sauropods; (4) a great development of 
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marine reptiles, especially ichthyosaurs and plesiosaurs; (5) appearance of 
lizards, typical crocodiles, and pterosaurs; (6j the first birds; (7) develop¬ 
ment of small primitive mammals of several types. 

CRETACEOUS 

The Cretaceous is among the longer periods of the earth’s history; by 
some authors it is divided into two periods, the Comanchean and the true 
(Upper) Cretaceous. This scheme will not be followed here, but there is con¬ 
siderable contrast between the vertebrates of the earlier and the later parts 
of the period. 

Vertebrate localities. —^Lower Cretaceous marine life is best repre¬ 
sented in the Neocomian beds of Europe (particularly Dalmatia), and there 
are equivalent deposits containing fish faunas and occasional aquatic rep¬ 
tiles in North America, Bahia (Brazil), and other regions. Much more pro¬ 
lific are Upper Cretaceous marine beds: the Chalk and related deposits of 
southern England and Westphalia; the similar Niobrara Chalk of North 
America; Australian marine deposits; Ceara (Brazil); etc. Notable are the 
limestones of Mount Lebanon, Syria, with a wealth of varied fishes. 

In the Lower Cretaceous, continental deposits are none too abundant. The 
Wealden of southern England, northern France, and Belgium has a terres¬ 
trial fauna of very early Cretaceous age, and there are other, if less impor¬ 
tant, areas of this age in North America and in China and Mongolia. In the 
Upper Cretaceous the most famous of continental formations are the great 
dinosaur beds of western North America—^Belly River, Edmonton, Lance, 
and equivalents—which extend over great areas from Alberta down the 
flanks of the Rockies to New Mexico. In Europe, Upper Cretaceous conti¬ 
nental sediments are rare, except for an area in Transylvania. Dinosaur 
faunas are, however, present in India, China, and Mongolia and in a variety 
of localities in the southern continents—Patagonia, South Africa, eastern 
Australia. 

Fishes. —The selachians have expanded greatly. The stem hybodonts 
make their final appearances in the Cretaceous. Their descendants are nu¬ 
merous. Of some sixteen or so families of living sharks, all but four had rep- 
resentives in the Cretaceous seas. Many of the genera living today, such as 
Carcharids, Isurus, Carcharodon, Galeocerdo, etc., were already identifiable; 
since the opening of the Jurassic the major part of modern shark evolution 
had been accomplished. The skates and rays had also reached essentially 
modern conditions before the end of the Cretaceous, and there were already 
present such familiar living types as Pristis, the sawfish; Raja, the common 
skate; Trygon, the sting ray; and Myliobatis, the great eagle ray. 

In the Cretaceous, Mawsonia and a few other rare types are the last of 
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fossil coelacanths and were, indeed, thought to represent the termination of 
crossopterygian existence before the recent discovery of a living coelacanth. 
This period sees the replacement of the holosteans by the teleosts as the 
dominant group of fishes. Of lower actinopterygians, the seas contained the 
last rare palaeoniscoid and a few holosteans. Most of these last disappeared 
before Upper Cretaceous times, and only the pycnodonts remained in a 
flourishing condition. The teleosts were diversifying rapidly and replacing 
them. Most typical of Cretaceous teleosts were primitive isospondyls, clu- 
peoids related to the tarpons and herrings. Early Cretaceous genera were 
few, but in the late Cretaceous there were swarms of such fishes, some (as 
Portheus) of very considerable size. More advanced groups were quick to 
make their appearance. In the Upper Cretaceous more specialized isospon¬ 
dyls of various types were present. A dearth of fresh-water deposits is per¬ 
haps responsible for our lack of knowledge of the important Ostariophysi— 
the carp-catfish group. There are, in the Upper Cretaceous, primitive eels, 
representatives of the deep-sea groups of Ileteromi and Iniomi, and even of 
the great group of the Acanthopterygii. These spiny-finned fishes are, how¬ 
ever, rare and include but a few genera of berycoids, perches, mackerels, 
pompanos, and a member of the specialized plectognaths. 

Amphibians. —To the meager record of the history of modern amphibian 
groups, we may add in the Cretaceous the first appearance of urodeles. 

Marine reptiles. —^Aquatic reptiles continue in abundance in the Creta¬ 
ceous, although with some change in the membership of the groups con¬ 
cerned. The marine crocodiles disappeared early in the period. Ichthyosaurs, 
although seemingly highly adapted to a marine life, were on the downgrade. 
They appear to have become quite rare by Upper Cretaceous times; not a 
one, for example, has ever been found in the richly fossiliferous Niobrara 
Chalk of North America. Plesiosaurs, on the other hand, flourished vigor¬ 
ously, and the Upper Cretaceous chalk deposits contain abundant remains 
of a score of genera, among which Polycotylus, Trinacromerum, and Elasmo- 
saurus are familiar forms; Kronosaurus of Australia, with a skull nearly 10 
feet long, was the giant of the order. 

The turtles, amphibious by nature, took to the sea in Upper Cretaceous 
times. Several families of cryptodires, including such genera as Arckelon, 
Protostega, and Toxochelys, adopted this habitat and tended to modify them¬ 
selves to it by paddle-like limb developments and lightening of armor. 

Another interesting Cretaceous development was the appearance of ma¬ 
rine lizards. In the Lower Cretaceous of Emope, DoUchosaurus and Aigialo- 
saurus are representatives of monitor-like lizard families which were becom¬ 
ing adapted to an aquatic habitat. From such forms sprang the mosasaurs, 
such as Mosasaurus of Europe and Tylosaurus and Clidastes of North Ameri¬ 
ca, large and common predaceous reptiles of the Upper Cretaceous. 
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Dinosaurs. —Of Lower Cretaceous dinosaurs we know but little, apart 
from those of the Wealden of western Europe, where Iguanodon^ a large 
ornithopod, was common, and of eastern Asia, where carnivores, sauropods, 
and ornithopods were present. Apparently, the fauna was, in general, similar 
in content to that of the Morrison. 

Late Cretaceous dinosaur beds are highly developed in western North 
America, and more scattered beds and finds are present in every other con¬ 
tinent. In many respects this Upper Cretaceous fauna is a very different 
assemblage from that seen a period earlier. Coelurosaurs still survive, but 
even these slenderly built saurischians have tended to grow in size and spe¬ 
cialize into such forms as the toothless ostrich dinosaur, Struthiomimus. The 
larger carnivores are now represented by ponderous giants, such as Tyran¬ 
nosaurus and Gorgosaurus, The sauropods had regressed in numbers and 
variety during the Cretaceous. Among all the numerous dinosaur finds from 
North America, there are but two fragmentary specimens of these amphib¬ 
ious forms. It appears, however, that this paucity of sauropods is less pro¬ 
nounced in other regions, for there are a number of records of Titanosaurus 
and related sauropods from the Upper Cretaceous of the Southern Hemi¬ 
sphere and even in India and China. 

Ornithischians abound in the Upper Cretaceous. Little Thescelosaurus is 
a survivor of a very primitive ornithopod group. Of these bipeds, however, 
the dominant forms of the times were the amphibious duckbills, the hadro- 
saurs or trachodonts, abundantly represented by a score of genera which 
show numerous variations in the curious crests which frequently crown their 
heads. The stegosaurs had disappeared but have been replaced by another 
group of armored dinosaurs— Ankylosaurus and related types, low-bodied, 
large-skulled genera covered with a solid dorsal armor of bony plates. A final 
group of ornithischians is that of the horned dinosaurs, the ceratopsians, 
with a bony neck frill in the primitive genus Protoceratops and with large 
horns developed in addition in more progressive genera, such as Triceratops 
and Monochnius. 

Other reptiles. —Turtles are numerous in Upper Cretaceous deposits. 
Many are still amphichelydians of Mesozoic type, but representatives of the 
two existing suborders are present as well. There are a few pleurodires, in¬ 
cluding even representatives of the living South American genus Podo- 
cnemis. More numerous are ci’yptodires. In addition to the marine forms al¬ 
ready mentioned and survivors of the Jurassic Thalassemys group, there are 
relatives of the living marsh turtles and the soft-shelled trionychids. There 
is almost no evidence of rhynchocephalians. Sometimes placed in this order 
but of doubtful position is Ckampsosaurus, a small, long-snouted amphibious 
diapsid of the late Cretaceous and earliest Tertiary. In the Upper Creta¬ 
ceous, lizards are, for the first time, abundant as fossils. Apart from the 
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mosasaurs, half-a-dozen families are represented, including forms typical of 
most of the major subdivisions of the group. In this period, too, there arises 
the last of the reptile groups to make its appearance—^the snakes, repre¬ 
sented by the rare and primitive types Pachyophis and Simoliophis, 

As in the Jurassic, the crocodiles are well represented. Most are still in the 
mesosuchian stage of development, but there are a number of more progres¬ 
sive genera leading to the modern crocodiles and alligators. 

Pterosaur remains are rare except in the Niobrara Chalk of the Upper 
Cretaceous. The rhamphorhynchoid type is extinct, and by the Upper Cre¬ 
taceous we find surviving only short-tailed pterodactyloids, such as Nycto- 
saurus and the giant, toothless Pteranodon. 

Reptilian extinction. —^By the end of the Cretaceous the greater part 
of the reptilian life of the Mesozoic had become extinct—all ichthyosaurs, 
all sauropterygians, all the dinosaurs and pterosaurs. Surviving into the 
typical Cenozoic we find only the turtles, lizards, snakes, crocodilians, and 
a lone rhynchocephalian. We must not overemphasize the rapidity of this 
extinction; for some of the groups—such as the ichthyosaurs and perhaps 
the pterosaurs—^had become reduced in numbers well before the end of the 
period. Many dinosaur groups, however, appear to have flourished greatly 
in very late Cretaceous deposits, and their extinction at the Mesozoic-Ter¬ 
tiary boundary is one of the most dramatic events in vertebrate history. 

The reasons for this reptilian catastrophe have been much debated, and 
the causes may have been complex in nature. It has, however, been reason¬ 
ably argued that geological processes may be, in great measure, fundamen¬ 
tally responsible. In the late Cretaceous there came about the Laramide 
revolution, a time of mountain-building during which there began the eleva¬ 
tion of the Rockies and other mountain chains. This condition of rising lands 
might well have affected markedly the more amphibious dinosaur groups, 
such as the sauropods and duckbills, by limiting the areas of the swamps and 
lagoons in which they made their livelihood. Food materials, too, would be 
affected, for these geological disturbances brought about climatic shifts, 
which are seen reflected in marked changes in vegetation in the late Creta¬ 
ceous. Many herbivores are narrowly restricted in their diets, and floral 
changes may be responsible for much extinction. Finally, the disappearance 
of carnivores would inevitably follow the disappearance of the herbivores 
upon which they fed. 

The reasons for the elimination of marine forms are more difficult to de¬ 
duce. It may be, however, that the replacement of holostean fishes by pro¬ 
gressively higher and presumably more efficient teleost types was a factor, in 
addition to changes in invertebrate life. 

Birds. —^There is a gap in our history of birds between the late Jurassic 
^d the late Cretaceous. Even in deposits of the latter age our knowledge of 
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birds is almost entirely confined to oceanic or water-dwelling forms, such as 
the ternlike Ichthyornia and the swimmer Ilei^'perornis of the Niobrara Chalk. 
These were typically birdlike in most skeletal features, but they still re¬ 
tained teeth. Possibly, however, other diversified and progressive forms may 
have been included in the unknown inland avifauna. 

Mammals. —Of Lower Cretaceous mammals we know exactly three teeth 
(of a multituberculate). In the late Cretaceous, mammals are again found 
but are restricted almost entirely to a few localities in the Lance formation 
of Wyoming and to one in Mongolia. The fauna is markedly different from 
that seen in the Jurassic. The multituberculates are still present and are 
plentiful, but the other Jurassic orders—^triconodonts, symmetrodonts, and 
pantotheres—^have disappeared. The common types are marsupials, some 
strikingly similar to the living opossums. And, in addition, there are a few 
primitive placentals, prophetic of the emergence of this group in Tertiary 
days. 

Cretaceous: summary. —^Among the principal features of Cretaceous 
vertebrate history may be cited the following: (1) among fishes, further de¬ 
ployment of the selachians and a dwindling in importance of the holosteans, 
which were being replaced by primitive teleosts; (2) appearance of the first 
urodeles; (3) among marine reptiles, continued importance of plesiosaurs, 
appearance of marine lizards and turtles, reduction of ichthyosaurs; (4) 
progressive modernization of the crocodiles and turtles and development of 
primitive snakes; (5) climax in size of pterosaurs; (6) among dinosaurs, de¬ 
velopment of the largest carnivores, dwindling importance of sauropods, ap¬ 
pearance of duck-billed ornithopods, heavily armored ankylosaurs, and 
horned dinosaurs; (7) birds reaching modern development except for the re¬ 
tention of teeth; (8) replacement of most Jurassic mammal groups by small 
primitive marsupials and placentals; (9) and, finally, the complete extinc¬ 
tion by the end of the period of most of the characteristic reptilian types of 
the Mesozoic, including all the dinosaurs, the ichthyosaurs, plesiosaurs, 
marine lizards, and pterosaurs. 

Mesozoic history. —^The reptiles are the most interesting and most im¬ 
portant vertebrates of the era. The Mesozoic includes the full cycle of exist¬ 
ence of many major reptilian types—^the dinosaurs, pterosaurs, and the 
varied marine reptiles—as well as the age of origin and expansion of still sur¬ 
viving groups, such as the turtles, lizards, and crocodiles. But it includes as 
well, in the early Triassic, the close of an earlier cycle in reptilian history 
which had begun near the end of the Carboniferous, with cotylosaurs and 
mammal-like reptiles as its chief characters. The earliest Mesozoic is an age 
of transition from the old to the new. On the other hand, the end of the era 
is a seemingly natural point of cleavage as regards vertebrate life. 

With other groups, too, it seems that the Mesozoic includes not merely one 
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typical cycle but, at its beginning, the final chapter in the old order. Among 
the bony fish the palaeoniscoids were still dominant at the beginning of the 
Triassic, just as they had been since the beginning of the Carboniferous. Be¬ 
fore the close of the Mesozoic not only had the holosteans replaced them, 
but they in turn had been driven into insignificance by the progress of the 
teleosts. Again, the only known Triassic amphibians were the last survivors 
of the old labyrinthodonts of the Paleozoic, and only in the Jurassic and 
Cretaceous do we find the first characteristic members of the modern groups. 
Among cartilaginous fishes, also, the Triassic was a transitional period, while 
the Jurassic and Cretaceous witnessed a great revival in shark development. 
Primitive birds and primitive mammals were characteristic of the Mesozoic; 
but this, as far as our present knowledge goes, means merely the Jurassic and 
Cretaceous, for these groups are unknown in the Triassic. 

The Triassic was thus a boundary period—a time of transition. In the 
Jurassic and Cretaceous we witness a full and characteristic Mesozoic life. 
And with the coming of the Cenozoic we enter a new age, the Age of Mam¬ 
mals. 



CHAPTER 29 


CENOZOIC VERTEBRATES 

W ITH the extinction of the great reptiles thei'c began a new chap¬ 
ter in the history of land vertebrates, l^he mammals had until 
then remained small, rare, and inconspicuous but had seeming¬ 
ly progressed far in structural organization. Once the way was cleared, they 
emerged from obscurity and began a spectacular radiation into a host of 
types, many of which survive to the present day. The account of the Ce- 
nozoic given in this chapter will be based mainly on the history of the Mam¬ 
malia; other groups are treated but briefly. 

This last phase of the earth’s history, comprising the Cenozoic era, 
is usually divided into a Tertiary period of considerable magnitude and a 
second period, the Quaternary, barely begun. The Tertiary may be divided 
into some five epochs—Paleocene, Eocene, Oligocene, Miocene, and Plio¬ 
cene; the Quaternary includes only the short Pleistocene epoch and Recent 
times. These divisions are based in most cases upon the degree of modernity 
reached by invertebrates in European marine deposits. In Europe these 
epochs have been subdivided into a series of ages listed in Table 4. In many 
instances the terrestrial deposits of Europe can be correlated with marine 
beds and hence placed in the appropriate stage. But in North America this 
is not so readily done, for most American mammalian deposits are in the in¬ 
terior western states, far from marine *fossil-bearing sediments. A series of 
ages based on the mammals contained in the various North American beds 
has, however, been established, and approximate correlations can be made 
between these ages and the European ones. A similar series has been erected 
for South American deposits. These three series of ages are given in Table 4, 
together with data on the best-known localities, areas, or formations in the 
various continental areas. 

Cenozoic deposits. —^The best and most complete series of mammal¬ 
bearing beds is that found in western North America, where sediments, 
spreading out from the Rocky Mountains and Sierras, have preserved a 
good record of numerous faunas ranging from the beginning of the Cenozoic 
to the Pliocene. Europe in Tertiary times was a peninsular area frequently 
flooded by shallow marine waters; the deposits along the shores of these 
seas 0 ^ derived from the rising Alps include numerous fossiliferous forma*' 
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tions which have been studied intensively for more than a century. In Asia 
early Tertiary deposits are well represented in Mongolia; later epochs are 
best represented in the Siwalik Hills and other areas of sediments from the 
rising Himalayas; Burma supplies further data for the early Tertiary and 
Pleistocene, China for the later Cenozoic, Java for the Pleistocene. In Aus¬ 
tralia, Pleistocene fossils are rather plentiful, but only a single terrestrial 
mammal is known from the entire Tertiary. Africa appears to have been 
a stable land mass during most of the Cenozoic; apart from later Eocene and 
early Oligocene faunas from Egypt, Tertiary continental deposits are ex¬ 
tremely restricted in area and faunas. In South America there are extensive 
sediments in Patagonia, which have preserved much of the curious fauna of 
mammals which evolved there during Tertiary times. 

Cenozoic conditions. —We have little reason to believe that there has 
been much alteration in the extent or position of the continental areas dur¬ 
ing the Cenozoic, and almost all known facts in the distribution of mammals 
may be accounted for by small changes in the present continental relations. 
It is probable that Australia has been in its present condition of isolation 
since the end of the Mesozoic, for almost none of the Cenozoic types of ter¬ 
restrial mammals has reached that region. The independent evolution seen 
in South American mammals indicates that that continent became sepa¬ 
rated from North America very early in the Cenozoic and that an easily 
traversed connection was not rebuilt until about the end of Tertiary times. 
Although, as noted above, the history of Tertiary Africa is poorly known, it 
is very probable that this region was isolated from Eurasia during the earli¬ 
est Cenozoic and that opportunity was given there for the initiation of pecul¬ 
iar and characteristic placental groups. Comparison of successive North 
American and Eurasian faunas indicates that the Bering Straits connection 
between the two areas was made and broken a number of times. 

Various Tertiary land bridges have been proposed between continental 
areas to account for real or fancied similarities between the regions so con¬ 
nected. Most of them rest on flimsy evidence and need not be considered 
here. Stronger support has been given to a proposed connection between 
South America and Australia, either directly or via Antarctica. This is 
based upon the similarity in the marsupials of the two continents; but this 
similarity can be as readily explained as being due to parallel evolution from 
common ancestors, which were presumably widespread in northern con¬ 
tinents in late Mesozoic days. The most serious problem, discussed earlier, 
is that regarding a Tertiary bridge between South America and Africa. 

Early Tertiary times seem to have had an equable, warm climate, which 
gradually gave place to the extreme temperature differences found in the Ice 
Age, with a cold arctic zone grading rapidly southward into warm tropics, a 
situation still existing at the present time. This climatic change seems to 
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have resulted in a slow southward retreat of many forms from the better- 
known regions of Eurasia and North America and the survival in the tropics 
of many groups long after their extinction in the present north-temperate 
zone. The peccaries and tapirs of South America are relatively recent mi¬ 
grants from the north; the antelopes and associated mammals of tropical 
Africa form a fauna strikingly similar to that of Europe in the early Plio¬ 
cene. 

The geographic regions customarily used by zoogeographers in interpret¬ 
ing the distribution of life today reflect accurately the geological history. 
Some six regions are generally accepted: the Palaearctic, for Europe and the 
Mediterranean region and northern and central Asia; Nearctic, for North 
America; Oriental, for southern Asia and the East Indies; Ethiopian, in¬ 
cluding most of Africa; Neotropical, for South and Central America; and 
Australian, including Australia, New Guinea, and certain adjacent islands. 

These six regions are not all equally distinct from one another. The Aus¬ 
tralian region stands in sharp contrast with all five other regions in its faunal 
content, a feature associated with the separate Ccnozoic history of that 
continent. The Neotropical region also shows very individual characteris¬ 
tics, due to the development of a peculiar fauna during the Tertiary isola¬ 
tion of South America. The Palaearctic and Nearctic regions are identical in 
climate and separated only by the variable make-and-break between Alaska 
and Siberia. Their faunas are so similar that they are frequently considered 
as a single Holarctic area. The distinction of Ethiopian and Oriental regions 
from the Palaearctic is due primarily to the relatively recent establishment 
of sharp temperature gradients; during much of the Tertiary the three were 
essentially a single faunal unit. 

The major interest in the Cenozoic lies in mammalian history; in most of 
the other vertebrate groups relatively little evolution took place during this 
era, and a treatment of them by successive epochs is unnecessary. 

Fishes. —Shark and ray teeth are common in many Tertiary marine beds, 
and chimaeroid toothplates are occasionally present; only in exceptionally 
favorable circumstances are skeletons of cartilaginous fishes discovered. All, 
or nearly all, existing groups of sharks, skates, and rays appear to have been 
established in the early Tertiary, and but little further evolution appears to 
have taken place. Actinopterygians below the teleost level are rare in the 
Cenozoic. The pycnodonts persisted into the Eocene; today there survive 
only the African polypterids, the sturgeons, paddlefishes, garpike (Lepidos- 
tens), and Amia, the bowfin. The last three are represented by characteristic 
specimens from the Eocene, the first two by fragmentary remains of equally 
early date. A single living coelacanth crossopterygian has been recently dis- 
cov^ed; but no Tertiary fossils are known, presumably because this group 
had taken up life in the deep seas, an environment of which there are few 
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known geological records. Of the three surviving lungfishes, there are Tertiary 
records of the Australian and African genera but not of the South American 
form. 

The teleosts are the dominant Tertiary fishes and are found in a variety 
of deposits both fresh and salt in origin; the shales of the Green River region 
of North America and of Monte Bolca in Italy are famous Eocene fish lo¬ 
calities; diatom beds in California and marine deposits in Algeria and at 
Licata in Sicily are among prominent late Tertiary deposits. In fresh waters 
the dominance of the Ostariophysi, the carp-catfish group, is a striking fea¬ 
ture of the Cenozoic; in marine deposits there is an increasing variety of 
higher, spiny-finned teleosts, although the old-fashioned isospondyls are 
still abundant. 

Amphibians and reptiles. —^Amphibian remains are relatively rare in the 
Tertiary and shed little light on the history of the frog and salamander 
groups represented. Turtles are abundant in many formations, and most of 
the living types are already represented by close relatives at the very begin¬ 
ning of the era. In the Eocene the primitive amphichelydians became ex¬ 
tinct. The pleurodires, subsequently rare as fossils, have been confined to 
the southern continents since the earlier Cenozoic. Lizards are not infre¬ 
quently discovered. The snakes are the one progressive group of reptiles dur¬ 
ing these latter times; poisonous snakes are apparently a Tertiary reptilian 
innovation. Crocodiles, mostly related to living forms, are fairly numerous 
throughout the period. Champsosaurus of the late Cretaceous persists into 
the early Eocene. Fossil representatives of the typical Rhynchocephalia are 
unknown. 

Birds. —It has been said that the Cenozoic is as much the Age of Birds as 
it is the Age of Mammals; the birds are the dominant group in the air during 
the entire era. The fragile nature of their bones and their usually small size 
have rendered the unraveling of their history difficult. The principal points 
in their Tertiary history, including the sporadic development of large flight¬ 
less forms, have been noted in an early chapter. Toothed forms appear to 
have become extinct by the end of the Cretaceous; except for some tropical 
types, almost every large group of modern birds, and even most of the major 
families, were already present in the early Tertiary. 

PALEOGENE 

This oldest of Tertiary epochs is relatively poorly represented in the 
marine sequence, but the existence of a pre-Eocene chapter is abundantly 
proved by numerous older continental deposits, particularly well developed 
in North America. In the San Juan basin of New Mexico and southern Colo¬ 
rado, Lower, Middle, and Upper Paleocene deposits are represented by the 
Puerco, Torrejon, and Tiffany beds; the Polecat Bench formation of north- 
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western Wyoming appears to cover the entire time interval between the end 
of the Cretaceous and the true Eocene; “Fort Union” beds in eastern Mon¬ 
tana and adjacent states have produced Paleocene mammals in various areas, 
particularly in Middle Paleocene deposits near the Crazy Mountains; the 
Dragon fauna of Utah is an early Middle Paleocene assemblage. 

In other continents Paleocene mammals are unknown, rare, or of late date. 
In Australia, as we have noted, the Paleocene fauna is unknown, as is that 
of the later Tertiary eras; and there are no African Paleocene mammals. In 
Europe there are a few late Paleocene forms mainly from Cernay near 
Rheims; in Asia a small assemblage, apparently equally late in time, is 
found in the Gashato of Mongolia. In South America a handful of specimens 
has recently been discovered in the Rio Chico of Patagonia, some of which 
come from an obviously late horizon; a few scraps may be earlier. In con¬ 
sequence, our discussion of the Paleocene is based mainly on the American 
record as seen in the Puerco and Torrejon and their equivalents; the late 
American Paleocene and that of other continents is considered separately. 

The terrestrial fauna of the Paleocene, with the dinosaurs absent, is main¬ 
ly a mammalian one. But if we were able to visit the Paleocene, the aspect 
of the faima would be of a strange and unfamiliar sort. Many of the mammals 
then present are assigned to orders still existing—Insectivora, Carnivora, 
Primates—^but these Paleocene representatives of the modern orders were 
for the most part archaic or aberrant types. Not a single living family is pres¬ 
ent in the characteristic Paleocene, and much of the fauna belonged to or¬ 
ders now entirely extinct. 

The few manunalian types known in the Cretaceous are still present. 
Opossum-like marsupials persist in insignificant numbers. The archaic 
multituberculates, on the other hand, are present in abundance; most were 
small members of the Ptilodus group; but, in addition, we find Taeniolahis 
and its allies, forms of considerable size and still higher specialization. 

The insectivore types persist from the Cretaceous into the Paleocene but 
are not particularly prominent; once having played its part as ancestral 
placentals, this order is tending to sink into the relatively insignificant role 
it plays today. There are a few zalambdodonts and a number of genera of 
the leptictids, forms leading toward the dilambdodont families of later 
epochs. Rather more prominent are some side branches, such as Mixodectes 
and the pantolestids, which had departed far from the typical insectivores 
but were hardly important enough to merit ordinal separation. 

Much more prmninent were early carnivores, represented by a score of 
genera. Almost aU are members of the Acreodi, without specialized camas- 
sials and still very dose to their insectivore ancestors; from thm by the 
Middle Paleocene had developed Dissmsus and other early members of the 
blimt^oothed mesonydbids. The pseudocreodonts, characteristic of the 
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Eocene, are not present in typical Paleocene horizons, but the progressive 
miacids, destined to give rise to modern carnivores, were represented, al¬ 
though sparsely. 

A third placental group is that of the primates, which appear in the Mid- 
die Paleocene. The forms present are more or less transitional in their cheek 
' teeth between the insectivores, on the one hand, and lemurs and tarsioids, on 
the other. A puzzling feature is that nearly all the Paleocene genera, in sev¬ 
eral different families, have developed large and often rodent-like incisors, 
perhaps in relation to some type of feeding habit now difficult to interpret. 

Ungulates were abundant, but ungulates of unfamiliar types, of primitive 
structure, and, for the most part, of small size. Almost all may be included in 
the Condylarthra as a basal order of hoofed mammals. The low-crowned, 
*‘squared-up” molars indicate a shift to a herbivorous diet; hoofs are present 
in some cases, but not all; in many respects, however, the early condylarths 
were still close to the insectivore-carnivore stock. Four families are present, 
of which Mioclaenus, Periptychus, Meniscotherium^ and Tetraclaenodon are 
representative. The first three are apparently rather aberrant; the last is a 
member of the phenacodont family whieh may be close to the ancestry of 
more advanced ungulate orders. 

The orders so far mentioned are still so close to the ancestral placentals 
that the group boundaries are difficult to determine; were we ignorant of 
their later histories, we should be justified in including almost the entire 
assemblage in a single ordinal group. 

More divergent forms were, however, already making their appearance. 
The distinction is often made between “archaic” and “progressive” mammal 
groups, the former being types which tended to a high degree of specializa¬ 
tion at an early stage but were destined for early extinction; the latter, forms 
which tended to evolve more slowly but with greater adaptability and great¬ 
er success. Among the earlier Paleocene mammals, archaic types are already 
distinguishable in the taeniodonts, such as Conoryctes, the giants of their 
times, and Pantolambda, an ungulate which had already grown to the size 
of a sheep and which in its relatively heavy build foreshadows the larger 
amblypods of later times. A tendency toward prematurely large size is also 
seen in some of the condylarths and certain of the carnivores. 

Following the typical faunas of the epoch, we find in the late Paleocene of 
North America a fauna in which most of the groups previously present still 
persist but are often represented by larger types and in which the mammalian 
assemblage is more varied and foreshadows that of the true Eocene. The 
Acreodi are already reduced in numbers, and the presence of Oxyaena marks 
the appearance of the Pseudocreodi. The early ungulates were increasing in 
size and variety; particularly prominent were great amblypods, such as 
and, at the end of the Paleocene, Coryphodon. Several new mam- 
maUah ilproups ap^ however, whose earlier history is unknown. These in* 
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dude the first of the uintatheres among archaic ungulates; the first of the 
peculiar tillodonts; Palaeanodon, an ancient relative of the South American 
edentates; and ParamySy an ancestral rodent. 

The few Paleocene mammals of Europe, late in date, add little to our 
knowledge of mammalian evolution. Such forms as have been discovered 
appear to be close to American mammals of similar age, although generically 
distinct, and indicate that there was a common fauna widespread in north¬ 
ern regions. The known Paleocene of Asia, equally late in date, is puzzling 
and disappointing. It was long believed that Asiatic beds of this age, when 
discovered, would reveal the ancestors of some of the groups, particularly of 
“modern” orders of ungulates, absent in the American Paleocene. The single 
fauna so far found, the Gashato, has not realized these hopes. It reveals, 
much as in North American beds of the same horizon, multituberculates, 
inscctivores, carnivores, and condylarths and a uintathere. A welcome find 
is the oldest fossil hare, Eurymylus. The commonest fossil is an ungulate, 
Palaeostylops; but, startlingly, this belongs not to any normal northern 
group but to the characteristic South American order of Notoungulata. 

In South America itself the Rio Chico beds appear to be Paleocene. A 
few fragments may come from fairly low levels; most, however, appear to be 
late in date. The material is poor but shows, nevertheless, that most of the 
groups which were to characterize the later Tertiary of that continent were 
already present. These forms include marsupials, edentates (represented by 
armadillo scales), litopterns, condylarths presumably related to litoptern 
ancestry, notoungulates, and possibly astrapotheres and pyrotheres. We 
are accustomed to think of the Northern Hemisphere as the area of origin of 
mammalian groups and hence tend to interpret the presence of these forms as 
due to early migration from the north. It is, however, equally possible that 
part or all of the distinctive South American mammals had developed lo¬ 
cally. 

It is obvious that our known Paleocene faunas, while giving us interesting 
chapters in the early deployment of the placentals, do not give us a complete 
story. As we have said, neither the Paleocene nor any other Tertiary epoch 
gives us any idea of marsupial evolution in Australia. There are no Paleo¬ 
cene deposits in Africa, where one may expect that the early development of 
subungulates and possibly other types was under way. 

We have, further, no knowledge of stages in the evolution of rodents and 
lagomorphs, which appear fully developed at the close of the Paleocene, or of 
the perissodactyls and artiodactyls, which appear abruptly at the beginning 
of the Eocene. Possibly these orders may have been evolved in some area of 
Eurasia or North America unrepresented in our present records; possibly in 
familiar regions but in en^dtonments not represented by lossiliferous de¬ 
posits. 
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EOCENE 

In the Eocene, North America is, again, the continent in which the faunal 
sequence is most abundantly represented. Lower Eocene faunas, usually 
termed ‘‘Wasatch,” are present in abundance in the Bighorn and Wind 
/ River basins in Wyoming; the Bridger basin of southwestern Wyoming is the 
classic Middle Eocene collecting ground; that for the Upper Eocene is to the 
south in the Uinta basin of northeastern Utah. 

In Europe the Lower Eocene is known from relatively poor beds in the 
London basin and in related deposits in northern France and Belgium; later 
Eocene horizons are increasingly fossiliferous, including such well-known 
localities as Egerkingen in the Swiss Middle Eocene and the Upper Eocene 
gypsum beds of Montmartre (Paris). The Quercy phosphorites of south- 
central France are cave fillings in older limestones containing numerous 
small mammals. Part are late Eocene; the later deposits extend into the 
Oligocene. In Asia there are few fossils before the latter part of the epoch, 
when several faunas are present in Mongolia and in Burma. In South Ameri¬ 
ca the Casa Mayor beds are probably of early Eocene age; the Musters, also 
in Patagonia, rather later. Africa now enters the Tertiary terrestrial record. 
The Mokattam beds of Egypt contain a marine mammalian fauna of Middle 
Eocene age, and continental deposits begin in the Fayfim of western Egypt 
in late Eocene times. 

In the Lower Eocene, it appears, the northern continental areas formed, 
much as today, a single zoogeographic region, for Europe and North Ameri¬ 
ca had many genera in common. There was no sharp break between the life 
of the Paleocene and the new epoch; for, with the exception of the Perip- 
tychus type of condylarths, every major group present here in the Paleocene 
was still present. Most of the older groups were destined to become extinct; 
but their disappearance was a gradual one. The earliest Eocene contains the 
last survivors of the long-lived multituberculates; opossums {Peratherium) 
persist from the Eocene onward into the Miocene of both Europe and North 
America. There are insectivores—^primitive, typical, and aberrant. Creodonts 
dominate the scene among carnivores. The Acreodi, however, were rapidly re¬ 
placed by numerous pseudocreodonts of the oxyaenid and hyaenodont fami¬ 
lies, with well-developed carnassials. The aberrant primates of the Paleo¬ 
cene are still present and, in addition, more typical lemurs, such as 
Notkarctus. Condylarths persisted in the Eocene, where Phenacodus is a 
familiar Lower Eocene ungulate and Hyopsodus, a late survivor, represented 
the group in America until the end of the epoch. Paramys and other rodents 
are present in both continents, but the order is relatively rare in the earlier 
European Eocene. The amblypod Coryphodon is found in the Lower Eocene 
in Eur<^ nnd America alike. A second curious appearance of the notoungu- 
laties (in addition to Pakm^t^yhpa) is that of a single fragment from the Low- 
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er Eocene of Wyoming; except for these occurrences, notoungulates have 
never been reported beyond the confines of South America. Uintatheres 
were never present in Europe but developed further in North America. The 
tillodont Esthonyx was present in both hemispheres; taeniodonts were pres¬ 
ent in the American Lower Eocene but not in Europe. 

The diagnostic feature marking the beginning of the Eocene is the pres¬ 
ence of the two great modern groups of ungulates—the perissodactyls and 
the artiodactyls. Both appear simultaneously and seemingly abruptly in 
Europe and North America in Lower Eocene times. In both groups the ordi¬ 
nal characters are fully established, but their ancestry and areas of develop¬ 
ment are unknown. In the early Eocene the artiodactyls are rare. The peris¬ 
sodactyls, on the other hand, were at once abundant; Eohippus and primi¬ 
tive tapiroids are common finds in the “Wasatch,” and close relatives were 
present in Europe; in North America the first titanotheres and chalicotheres 
were present before the close of the Lower Eocene. 

For the later history of the Eocene in the Holarctic area, Asiatic evidence 
is available, as well as that from the European and American extremities of 
the region. In some groups the entire area shows a fairly uniform picture, in 
others—notably the ungulates—^there are marked differences which suggest 
regional isolation in the Middle Eocene, partially corrected by intermigra¬ 
tion toward the end of the epoch. 

Bats appear full-fledged in both hemispheres in the Middle Eocene; vari¬ 
ous primitive and aberrant primates persisted throughout the epoch. Among 
the carnivores, typical acreodonts became extinct early in the Eocene, but 
other creodonts flourished in all three northern areas. The Pseudocreodi are 
the characteristic carnivores; some remained small but others, such as 
Pterodon and Hyaenodon of both hemispheres and the oxyacnid Sarkastodon 
of Mongolia, tended to grow to great size. The blunt-toothed mesonychids 
are absent in Eiuope after the early Eocene but remained until the end of the 
epoch in North America and Asia, Andrewsarchus of the latter continent 
being a giant form. Miacids are common in both land masses. In the late Eo¬ 
cene this family comes to an end, seemingly by the evolution from it of 
the first of the more typical fissipedes, with such forms as Cynodictis and 
Procynodictis representing the forerunners of civet, weasel, dog, and cat 
families. Primitive aplodontoid rodents are present in both hemispheres but 
are more common in North America, where rodent families of this group 
continued to flourish in the later Tertiary. We have noted the occurrence of 
a rare lagomorph in the Paleocene; the next record of hares is in the Upper 
Eocene of eastern Asia and North America; the former continent may well 
have been the place of their development. 

Many features in the history of nonungulate mammals in the later Eocene 
are thus similar in Eurasia md North America. But there were notable dif* 
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ferences; the former region shows, on the whole, the more progressive situa¬ 
tion. Shrews and moles are present in Europe by the end of the Eocene but 
do not appear in North America until later; on the other hand, the aberrant 
mixodectid insectivores persisted in North America in the later Eocene, as 
f did the taeniodont Stylinodon, tillodonts, and palaeanodont edentates. 
Among the rodents the pocket gophers appeared in the late Eocene in North 
America; in Europe there developed at this time anomaluroid families pos¬ 
sibly ancestral to hystricoids and myomorphs. 

It is among the ungulates that Europe and North America show the great¬ 
est divergences in the course of the Eocene. Most of the archaic ungulates of 
the Paleocene and early Eocene have become extinct in both areas. In 
North America, however, the ungainly uintatheres and the small condylarth, 
Hyopsodus, survived until the end of the epoch. Perissodactyls flourished in 
both regions but followed different lines of development in many respects. 
In North America the horses, in the form of the relatively rare genera, 
Orohippus and Epihippus, remained conservative in size and structure; in 
Europe, on the other hand, there was a rapid trend toward large size and 
specialization, some specimens of the three-toed Palaeotherium of the late 
Eocene being even larger than modern horses. Primitive tapiroids were pres¬ 
ent in both continents but more abundant in Europe, where Lophiodon was 
a typical large form. Primitive running rhinoceroses are absent in the Euro¬ 
pean Eocene; Ilyrachyus and its relatives are confined to North America, 
More progressive running rhinoceroses—^the hyracodonts—and such amphib¬ 
ious forms as Amynodon inhabited both North America and Asia. In the 
late Eocene of all three northern continents are found the first rare speci¬ 
mens of the true rhinoceroses which were to become abundant in the Oligo- 
cene. The oldest recorded chalicothere is from the Middle Eocene of North 
America; but by the late Eocene this family is represented in the Asiatic area 
in which it later flourished. Titanotheres, too, are first found in North Amer¬ 
ica but by the end of the epoch were developing vigorously in Asia as well, 
and two stragglers have been discovered in eastern Europe, 

Still more divergent in development were the artiodactyls, which, we have 
noted, were rare in early Eocene days. Little progress appears to have taken 
place in the group in North America. In Europe and Asia, however, middle 
and late Eocene faunas show a remarkable expansion. Some of the types de¬ 
veloped were bunodonts suggestive of later pigs and peccaries, although ap¬ 
parently not the actual ancestors of these forms. Most, however, are primi¬ 
tive selenodonts—caenotheres, anoplotheres, and xiphodonts are the domi¬ 
nant European types. In the late Eocene of that continent are found, further, 
primitive pecorans, in such forms as Amphimeryx and the tragulid Oehcus, 
In the Upper Eocene there appears in North America, apparently as the 
result of invasion from Asia, a similar series of artiodactyls, which, however. 
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belong to different families. They include some rather piglike types, primitive 
selenodonts ancestral to the camels, oreodonts and agriochoeres, and a con¬ 
siderable number of pccorans of the distinctive hypertragulid group. 

We have noted above some features in which the later Eocene of Asia is 
comparable faunaJly with Europe or North America or both. Imperfect, 
however, as our knowledge of Eocene history there is, we can see that in 
certain respects Asia had developed differently from the regions to west or 
east. Among the primitive ungulates, large condylarths and uintatheres 
persisted there through the Eocene. Horses were absent, but tapiroids were 
apparently common. Anthracotheres were very abundant in the late Eocene 
and may have developed in that area. Archaeomeryx of Asia is the most prim¬ 
itive known hypertragulid; presumably this group reached America from an 
earlier Asiatic home, and quite probably the camels and oreodonts were of 
Asiatic origin. 

In the middle and later Eocene appear the first representatives of the two 
purely marine orders of mammals, the Cetacea and the Sirenia. We are ig¬ 
norant of their terrestrial forebears and cannot be sure of their place of origin. 
But although archaeocete whales (such as Basilosaurus) and sirenians 
are found in the American Eocene, most of the earliest and most primi¬ 
tive types are from the Mediterranean region and especially from the 
Mokattam beds of Egypt. This suggests that these groups originated in 
Africa during the earliest Tertiary. The only known terrestrial African mam¬ 
mals of the Eocene are the early proboscideans Moeritherium and Barytheri- 
um from the Faytim. Not improbably, proboscideans, sirenians, and hyra- 
coids (which appear slightly later in that area) are products of early Tertiary 
African evolution from a primitive subungulate stock. 

In South America the Casa Mayor beds of the early Eocene give us our 
first adequate picture of the specialized Tertiary faunas of that continent; 
the Musters beds of the Middle Eocene show a slightly more advanced stage. 
Except for rodents and primates, all members of the Tertiary assemblage are 
represented. Marsupials were abundant and include not only opossums but 
larger and more strictly carnivorous borhyaenids (one already as large as 
a wolf), caenolestids, and Polydolops and its relatives which paralleled the 
multituberculates in dentition. Edentates are represented by armadillos of a 
primitive nature, such as Uiaetus. Didolodm and similar types are currently 
regarded as condylarths related to the ancestry of the litopterns; of these 
latter there are genera ancestral to the two families prominent in the later 
Tertiary. The Notoungulata are, as later, the commonest of ungulates; the 
Eocene genera appear to include forms antecedent to the various subgroups of 
later epochs as well as numerous primitive notioprogonians such as NotostyU 
ops; all are small, primitive^ little differentiated, and with low-crowned 
teeth. The ast3^potheres and pyroth^res, as archaic ungulates, aispear to have 
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played in South America the role of amblypods and uintatheres of the 
Northern Hemisphere; large representatives of these two groups were the 
giants of the fauna. 

OLIGOCENE 

European Oligocene deposits are numerous. A portion of the Quercy 
phosphorites are of early Oligocene date. Ronzon in France and the Mainz 
basin in Germany are among the better-known localities, a large proportion 
of which are located in France. In Asia, Oligocene continental beds are al¬ 
most entirely confined to Mongolia, with Ulan Gochu and Hsanda Gol as 
the main sites. 'The earliest of important Tertiary terrestrial African deposits 
is that of the Lower Oligocene of the Egyptian Fayfim. In North America 
the main fossil localities are those in the White River series in South Dakota 
and adjacent states, with successive titanothere (Chadron) and Oreodon and 
Protoceras beds (Brule). In South America, Patagonia continues to be the 
exclusive area of interest. The Deseado beds, with the Pyrotherium fauna, 
are Lower Oligocene; the late Oligocene Colhu6 Huapi beds contain essen¬ 
tially a Miocene assemblage. 

In the northern continents the Oligocene fauna has a much more modern 
appearance than that of the Eocene. This is not due in any measure to the 
appearance of new types; for hardly a third of the living families of terres¬ 
trial mammals were then present and, except in the case of the carnivores, 
there were few new groups introduced at this time. This more modern aspect 
is rather due to the extinction, during or at the close of the Eocene, of a great 
number of families and even orders which were characteristic of Paleocene 
and early Eocene days. To cite this list is to cite the greater part of the roster 
of the typical Paleocene mammals, including multituberculates, primitive 
insectivore groups, arctocyonid creodonts, miacids, condylarths, and plcsia- 
dapid primates and, in addition, a number of the late Paleocene and Eocene 
families, such as mesonychid and oxyaenid creodonts, adapid lemurs, and a 
few of the more primitive forms among the modern ungulate orders. 

In the Holarctic land areas, there continues, in the Oligocene, the faunal 
situation established in the later Eocene, with geographical continuity in 
some groups (particularly in some of the carnivores) and independent paral¬ 
lel evolution in others, notably the ungulates. Europe and North America 
offer two extremes; Asia has characteristics of both, although showing great¬ 
er affinities with Europe. There are few featmes suggesting any great inter¬ 
change of faunal elements between the two hemispheres during the Oligocene; 
most of the common characteristics appear to have resulted from a late 
Eocene interchange. 

Common types include such forms as oppossums, the major families of 
mod^ insectivores, and primitive beavers, which appear in the late Oligo- 
la both there appear in the Oligocene the first representa- 
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lives of the great murid group, destined to play an increasingly important 
role in the later epochs. Among carnivores both hemispheres show the per¬ 
sistence in the early Oligocene of the last surviving group of the creodonts, in 
Hyaenodon and its relatives, later confined to tropical regions. A new de¬ 
velopment of importance is the rapid deployment of progressive fissipede 
families developed from the miacids. Canids of various types, mustelids, and 
felids, both saber-tooths and false saber-tooths of the Dinictis group, were 
abundant in both hemispheres. 

A limited number of ungulates are common to both hemispheres. Among 
the perissodactyls, chalicotheres were present in Eurasia and doubtfully in 
North America; ProtapiruSy first of true tapirs, also appears in both areas; 
amynodont rhinoceroses are widespread, with Cadurcotherium as European 
representative, Meiamynodon the American genus. A notable perissodactyl 
development is the expansion of the true rhinoceroses during the Oligocene in 
such primitive genera as Caenopus in North America and Aceratherium in 
Eurasia. Among the piglike artiodactyls there are common bunodont fami¬ 
lies. Anthracotherium and other members of its family are abundant in 
Eurasia, and Boihriodon penetrated to America, where the group failed to 
survive. Pigs and peccaries make their appearance; both are found in Europe, 
and the peccaries reached their later American center in the Oligocene. 

Among the nonungulates the Eurasian Oligocene reveals various groups 
absent from America; the first of viverrid carnivores, a group which never 
reached the Americas; ochotonids, which arrived there much later; anoma- 
luroid rodents, the first dormice and dipodoids, and forms which may be the 
first bathyergoids. Among the perissodactyls the only distinctive European 
forms are Palaeotherium and its relatives, which persisted until the Middle 
Oligocene. There were, however, numerous selenodont artiodactyls peculiar 
to Eurasia. Dickohune^ Caenotherium, Anoplotherium, and Xiphodon are 
examples of archaic forms “held over” from the Eocene and for the most 
part exterminated before the close of the epoch. More important, however, 
were primitive pecorans, such as Amphimeryx of the early Oligocene, and 
tragulids, such as Gehcus and Bachitherium, 

North America shows equally distinctive features. There are various rare 
hold-overs here of the archaic Paleocene and Eocene groups—the last 
anaptomorphid and apatemyid primates, leptictid insectivores, palaeano- 
dont edentates; surviving ischyromyid rodents, and their derivatives, such 
as the mylagaulids and ancestral sewellels; ancestors of the pocket gophers 
and kangaroo rats; hares, present here and in Asia but not as yet in Europe. 

Among ungulates, the perissodactyls are more prominent in North Ameri¬ 
ca than in Oligocene Europe. Small three-toed horses, Mesohippus and 
Miohippus, flourished; Hyracodon is a common rhinocerotoid; primitive 
tapiroids survived; the lowest Oligocene beds are characterized by the pres- 
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ence of numerous giant titanotheres, which disappeared abruptly before the 
Middle Oligocene. Artiodactyls are increasingly important, however. Camels, 
such as Po'ebrotherium, are common; Protoceras represents a peculiar Ameri¬ 
can family of primitive pecorans; Leptomeryx and other hypertragulids are 
■ common Oligocene finds; Agriochoerus is present. The oreodonts become in 
the Oligocene the commonest of ungulates; Oreodon and other members of 
the family are the most frequent fossil finds in middle and late Oligocene 
deposits. 

Known Asiatic deposits show that many of the European Oligocene 
groups were represented in that continent, and accidents of preservation and 
collection may be responsible for the seeming absence of other European 
families. Distinctive Asiatic features include the absence of equoids of any 
sort, with a variety of surviving tapiroids in their place; the presence of a 
last lingering amblypod; the development of giant rhinoceroses, such as 
Baluchitherium, which persisted until the Miocene. Other features, implying 
a connection with North America in the late Eocene or early Oligocene, in¬ 
clude the common presence of hares and of abundant giant titanotheres. 

We have noted the almost complete lack of Paleocene or Eocene African 
terrestrial records. In the Lower Oligocene we at last find an African fauna; 
this, unfortunately, lies at the northern margin of the continent, in the 
Egyptian Faydm, and shows evidences of invasion from Eurasia. In the 
known fauna there are no fissipedes, but hyaenodont creodonts such as 
Pterodon and Hyaenodon; a considerable variety of anthracotheres; PhiomySy 
representing the anomaluroid rodents destined to survive into the African 
Miocene. All these forms may be recent immigrants, since they are mem¬ 
bers of contemporary Eurasian families. More doubtful as to origin are an¬ 
thropoid primates, unknown earlier (except for possible Burmese forms). 
These include a very primitive anthropoid, Parapithecus; in Apidium a true 
Old World monkey; in Propliopithecus an early, manlike ape. Definitely 
autochthonous forms are represented by Arsinoitherium; a considerable 
variety of hyracoids; and proboscideans, which now include not only the 
archaic Moeritherium but the mastodonts, Palaeomastodon and Phiomia, 

The Deseado beds of Patagonia show an important phase in the develop¬ 
ment of the isolated South American fauna. Except for marsupials of the 
Polydolops type and a few families of ungulates, all Eocene groups are still 
present. Marsupial carnivores are numerous and varied (one was larger than 
a cave bear). Edentates were still rare but were increasing in variety, for 
glyptodonts had appeared in the late Eocene and ground sloths of modest 
size had also made their appearance. The native ungulates had already 
reached a climax in size and variety. Both major families of litopterns were 
advanced in their development. Notoungulates were niunerous and ex¬ 
ceedingly varied; high^crowned teeth had developed in many lines. Most 
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characteristic of the iiotoungulates of the age were Leontinia and large re¬ 
lated types. Huge astrapotheres were present, and the giant of the fauna was 
the elephant-like Pyrotherium. 

A startling phenomenon is the abrupt appearance of hystricoid rodents. 
There is no trace of rodents in the Eocene of the continent, and it is highly 
improbable that these forms, so successful from this time on, could have 
been present earlier and escaped discovery. As we have noted in an earlier 
chapter, an African origin seems probable, but their means of transport 
offers a difficult problem. 

Oligocene marine mammals are rare, perhaps because of the rarity of ap¬ 
propriate types of sediments. Sirenians are known from the European Oligo¬ 
cene. An archaeocete whale is known to have survived, and we are sure that 
the differentiation of more modern whale groups was well advanced, for a 
lone squalodont represents a primitive toothed-whale group and a cetothere 
announces the presence of early whalebone whales. 

MIOCENE 

The Miocene is an epoch of considerable length and one represented by 
numerous and varied faunas in a number of regions. European localities are 
most abundant in France and Germany. St. G6rand, Sansan, and Simorre 
are among famous French localities of varied ages, and the various Molasse 
deposits and those of the Mainz basin and Steinheim are among the familiar 
fossiliferous beds of the German region. The Miocene is poorly represented 
in Africa, although there are scattered areas of this age in Egypt and in 
eastern and southwestern Africa. In Asia, too, the Miocene is present in but 
few places. The Loh and Tung Gur beds represent the last of the sequence 
of Mongolian deposits; the Bugti beds of Baluchistan have yielded a few 
mammals. In the late Miocene, however, we see the beginning of the deposits 
of the Siwalik Hills in India, which continue from this date to the Pleisto¬ 
cene. 

In North America a major portion of the Miocene beds lies in the Great 
Plains area; they include such well-known deposits as the Harrison, Rosebud, 
Sheep Creek, Marsland, and Pawnee Creek. In Oregon the fossiliferous por¬ 
tion of the John Day beds are early Miocene. Florida in the Miocene has 
yielded the only good fauna found in eastern America in any stage of the 
Tertiary. 

In South America the Miocene opened with a marine invasion represented 
by the Patagonian formation; following this were deposited the Santa Cruz 
of Patagonia, with a rich and varied fauna, and later beds of lesser impor*^ 
tance. 

The Miocene faunas are greatly ‘‘modernized” as compared with condir 
tions at the beginning of the ^oeh. Duxing or at the end of the 
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Oligocene there had become extinct a score of families of more or less archaic 
types, particularly among the ungulates. Among the victims were the last 
amblypods, the pyrotheres, older proboscidean types; titanotheres, hyra- 
codonts, and lophiodonts; primitive bunodont artiodactyls and primitive 
ruminants such as anoplotheres, xiphodonts, and amphimerycids; several 
primitive rodent families; the last of the archaic primate groups which char¬ 
acterized the Paleocene and Eocene. As a result of these extinctions and of 
new evolutionary developments we find that, in the known Miocene faunas 
as a whole, half of the living families of terrestrial mammals were then in 
existence and that these likewise constituted a good half of the faunal as¬ 
semblage. If the peculiar South American types be excluded, the modern 
note is more marked; in the Northern Hemisphere only a quarter of the 
fauna is made up of families which have failed to survive. 

We have noted the nearly complete isolation of the two hemispheres dur¬ 
ing the Oligocene; as a result, the Palaearctic and Nearctic faunas at the 
opening of the epoch differed widely in many respects. There are, however, 
indications of some intermigration during the early Miocene and again to¬ 
ward its close, which tended to reduce to some degree the faunal differences. 
The evidence suggests free communication between Africa and Eurasia 
during this epoch, but South America and Australia were still entirely sepa¬ 
rate evolutionary areas. 

As before, the differences between North America and Eurasia were rela¬ 
tively small among the nonungulate orders, although even in cases where 
families were common to both areas the genera present were usually distinct. 
The creodont carnivores had disappeared except for lingering hyaenodonts 
in the Old World tropics. Varied dogs were present, including large “bear- 
dogs” and, in the late Miocene, such forms as Hemicyony which appear close 
to the origin of the Ursidae. Mustelids, too, flourished, and felids, including 
true saber-tooths and pseudo saber-tooths, such as Nimravus of North Ameri¬ 
ca and Psevdaelurua in Europe. In the Old World the civets persisted, and 
from them had evolved, by the end of the Miocene, the first hyenas; in 
North America, in contrast, the early Miocene shows the beginning of the 
prOcyonids in Phlaocyon and other genera. Lagomorphs, rats, and primitive 
beaver-Uke forms (Steneofibery Palaeocaator) are among common rodents. 

Before the close of the Oligocene, primates had disappeared from North 
America. In the Eastern Hemisphere, however, the evidence, scanty though 
it is, tells of a considerable amount of evolution among the higher primates. 
PUojnihecuSy a primitive gibbon, and Dryopithecusy an advanced manlike 
ape, appear in the European Miocene, and the discovery of several genera of 
these apes in the early Miocene of Africa suggests that this continent may 
have, been an nnportant center of primate evolution. 

As in the OUg^ne^ there is a marked diff^ence between the two north- 
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ern continental areas in ungulate evolution, and there are marked differ¬ 
ences between early and late faunas. Among the perissodactyls, rhinoceroses 
are present in both hemispheres. Diceratherium is the common American 
genus in the early Miocene; Baluchitherium persisted into the Miocene of 
Asia; more normal genera, Aceratherium and similar forms, are found in 
both areas but are more common in Eurasia. A last amynodont appears in 
the Miocene of Asia. Macrotherium and Moropus represent the chalicotheres 
in Eurasia and North America, respectively; tapirs are present in both areas. 

Miocene horse history is mainly an American story. Miohippus persisted 
into the early Miocene and gave rise to Anchitherium and Ilypokippus as 
larger forms of the same primitive type. Parahippus, first of horses with 
high-crowned teeth and reduced side toes, appeared at the beginning of the 
Miocene and still more advanced genera, Merychippus and PliohippuSy are 
characteristic of the American late Miocene. With the extinction of the 
palaeotheres, Eurasia had become barren of equoids, but Anchitherium 
successfully migrated to the Eastern Hemisphere and is present there in 
many Miocene localities. 

The two areas have little in common as regards artiodactyls. Entelodonts 
made their last appearance in both areas, however, in the Lower Miocene; 
Dinohyus was a giant American form. The common bunodonts were swine 
in Eurasia, peccaries in North America; Listriodon and Palaeochoerus were 
representative piglike forms. Anthracotheres are absent in North America 
and in Europe, as well, beyond the Lower Miocene, but they survived in 
southern Asia and in Africa. In Europe, Caenotherium was present in the 
Lower Miocene as the last of nonpecoran selenodonts in that area; in Ameri¬ 
ca, in sharp contrast, there were abundant and varied camels, such as Steno- 
mylus and OxydactyluSy and numerous oreodonts, including Promerychochoerusy 
MerychyuSy etc. In both hemispheres primitive pecorans of the tragulid or 
hypertragulid groups survive but are uncommon. 

In the Miocene are found the first stages in the deployment of higher 
ruminants. The earliest Miocene of both hemispheres witnesses the appear¬ 
ance of those types here included in the Palaeomerycidae: in Europe, Dre- 
motherium and Amphitragulus and, somewhat later, Palaeomeryx; in Ameri¬ 
ca, BlastomeryXy followed by other deerlike forms. Later in the Miocene ap¬ 
pear the first (and relatively rare) representatives of the living higher pec- 
oran families. In Eurasia are primitive antelopes such as Protragocerus, 
primtive deer as Dicrocerus^ and Palaeotragus, the first giraffid. These forms 
are absent from America; instead, we find Merycodus as the first of the prong- 
buck family. 

A new element in the ungulate fauna of the northern continents is the 
advent of the proboscideans, previously known onljr from Africa. DiruAheri^ 
with its peculiar lower tusks, bunodont mastodonts, such as Oompho- 
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therium and Serridentinus, and the lophodont Mastodon all appeared in 
Europe early in the Miocene and persisted throughout that epoch. In Ameri¬ 
ca their advent was retarded until the middle or end of the Miocene; Dino- 
therium failed to penetrate to America. 

The Miocene Santa Cruz fauna is the best known of South American 
mammal assemblages. Marsupial carnivores and hystricoid rodents were 
numerous and varied. Edentates were abundant for the first time; forms, 
mostly of relatively small size, represent not only armadillos but anteaters, 
glyptodonts, and all three families of ground sloths. Litopterns were at the 
peak of their development, including, for example, Diadiaphorus and the 
pony-like Thoatherium among the proterotheres and Theosodon of the more 
heavily built macraucheniid family. Pyrotheres were extinct, but Astra- 
potherium was a giant end-form of another archaic line. Notoungulates were 
now much less varied in the number of families represented and were, in 
general, small in size; in number of individuals present, however, they bulk 
large in the faunal picture. Homalodotherium, the toxodonts Adinotherium 
and Nesodon, Pachyrukhos, and Protypotherium are representative genera. 

In Homunculus we see the first representative of the platyrrhine monkeys 
of South America. The early history of this group is as puzzling as that of the 
hystricoid rodents. Perhaps the advent of the platyrrhines took place by in¬ 
vasion in some such fashion as that suggested for the rodents an epoch earli¬ 
er. But primate remains are rare also in later South American sediments, and 
it is possible that ancestral primates were present earlier in the Tertiary in 
more wooded tropical areas. 

Marine mammal-bearing deposits are present in many regions; the Calvert 
cliflFs of Maryland, the Patagonian beds of South America, the Aquitanian 
basin of France, and the Antwerp basin of Belgium are among the prominent 
sources of fossil marine mammals. A lingering archaeocete was present in the 
early Miocene, but the epoch was one of rapid expansion of higher cetacean 
groups; the order was seemingly never more abundant or varied than at that 
time. Nearly every family of toothed and whalebone whales had appeared 
by the end of the Miocene. The squalodonts, primitive toothed whales, are 
common even in the earliest Miocene; and dolphins, ziphiids, and sperm 
whales are found in increasing numbers in later formations. The cetotheres, 
primitive whalebone whales, were abundant in the late Miocene, and there 
were even rare representatives of the living families of this suborder. Ilalia- 
nassa and other sirenians were present. The Miocene is further notable for the 
appearance of the first pinnipeds, including both eared and earless seals, and 
the first walrus, Prorosmarus. 

PLIOCENE 

The Pliocene is a relatively short epoch. Late beds, forming a transition to 
the Pleistocene, will be mentioned separately; the characteristic Pliocene 
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fauna is that of the early part of the epoch, known in Eurasia as the Pontian 
age. Deposits containing this fauna are found widely distributed through¬ 
out the Mediterranean region and in eastern and central Europe; Eppelsheim, 
various localities in the Vienna basin, and Pikermi and Samos in the Aegean 
are among the best-known localities. To the eastward this same fauna ex¬ 
tends through Persia (Maragha) and the Siwaliks to rich early Pliocene de¬ 
posits in Honan and Shansi in China. Somewhat later European levels are 
best represented in southern France, as at Perpignan; in India the 
Siwalik series continues throughout the Pliocene; and there are scattered 
later Pliocene deposits in China. The Pliocene of Africa is almost un¬ 
known. 

In North America there are numerous Pliocene deposits, the greater part 
of them in the Great Plains region. The earlier part of the epoch is repre¬ 
sented in the Clarendon beds of Texas, the Snake Creek of Nebraska, and 
the Santa Fe beds of central New Mexico; a later stage in such formations 
as the Hemphill of the Texas Panhandle and the Republican River beds of 
Kansas. 

In South America the long series of Patagonian sediments ceases at about 
the end of the Miocene, and the principal Pliocene areas are found farther to 
the north in Argentina. In the Andes foothills a set of beds often termed the 
Araucanian series covers nearly the whole length of the Pliocene; Monte 
Hermoso in the southern Pampas and the Entererrian region of northeastern 
Argentina also have characteristic deposits of this epoch. 

The Pliocene fauna of the Northern Hemisphere is in great measure one of 
modern type. There had been a considerable elimination of old families, 
particularly of ungulates, during or at the close of the Miocene. The last 
amynodonts, entelodonts, caenotheres, and hypertragulids had been elim¬ 
inated in the northern continental areas; the last archaic archaeocetes 
had disappeared from the oceans; and in South America astrapotheres, 
homalodotheres, notohippids, and interatheres are absent from the imgulate 
roster. The fauna is in the main one of modern families. Excluding South 
America and Australia, 80 per cent of the families of terrestrial mammals 
then present are t 3 rpes still extant; and, while a number of living families 
are not represented by Pliocene fossils, these are mainly rare and obscure 
groups. The Pliocene faunas fmther show much similarity generically to 
modern times; many familiar living genera, particularly among the car¬ 
nivores and rodents, had arisen before the period was over, and in other 
cases generic differences between modem and Pliocene types ape small. 

There is evidence that a limited amount of faunal interchange took place 
between Eurasia and North America at the beginning of the Pliocene, but for 
most of the duration of the epoch there is little evidence of further connec¬ 
tions* Old and New Worlds show many faunal similarities, but these can to 
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attributed in the main to persistence of types interchanged during the late 
Miocene, and the genera present are usually distinct in the two regions. 

The carnivores have run a parallel course in both continents. There are 
numerous canids and mustelids. Felids close to the living genera are pres¬ 
ent, in addition to saber-tooths. Primitive bears have appeared. Hyenas are 
I^ominently represented in Eurasia. There are a variety of bunodont masto- 
donts in both continents. Hypohippus, descended from Anchitherium of the 
Miocene, is present in Asia as in North America; and Ilipparion^ a lightly 
built, three-toed horse, reached Eurasia from North America and became 
widespread and common there. Rhinoceroses are present in both regions but 
are rare in North America; chalicotheres survive in both hemispheres, as do 
a few palaeomerycids. In Pontian times a nearly homogeneous fauna is found 
all the way from Spain to China and may well have been characteristic of 
Africa as well, for it is one quite similar in many respects to that found in 
Africa today. Elements in common with North America were noted above, 
but the presence of Hipparion as a characteristic Pontian form deserves 
emphasis. A striking feature is the abundance of bovids; several score of 
genera of antelopes have been described from the Pontian. Primitive genera 
of deer are common, as are the pigs and, in Asia, varied giraflSds, including 
giant-horned forms. The peculiar proboscidean Dinotherium was still present, 
and in the eastern area primitive elephants, such as Stegodon, make their 
appearance. 

In North America we find an ungulate assemblage still differing markedly 
from that of Europe. Not a bovid is present, or a true cervid. Instead, there 
is a great radiation of antilocaprids with varied types of horns, a last pro- 
toceratid, and a few final representatives of the oreodonts. Camels still 
flourished in a variety of forms, and peccaries were not uncommon. Horses 
of varied types were especially abundant, including hold-overs from the 
Miocene, as well as the Hipparion group and types progressing toward the 
modern one-toed forms. 

There is evidence that the South American land bridge was now in process 
of re-establishment after the lapse of most of the Tertiary, for a first ground 
sloth had appeared in North America by mid-Pliocene times and a glypto- 
dont at the end of the epoch. 

In South America the Araucanian faunas of the early and middle Plio¬ 
cene show evidence of this faunal interchange in the presence of a number of 
raccoon types, which may have used a Central American island chain as 
stepping stones. The fauna was otherwise purely native in character. A 
number of Miocene families of imgulates had disappeared, but other types 
of hoofed mammals still flourished, and the edentates and the hystricoid 
rodents were highly varied; in many instances there was a strong tendency 
toward large size. The borhyaenid marsupials still functioned as the car- 
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nivores of the faunas, and the evolution of a marsupial saber-tooth is an 
interesting development. 

In the sea the archaeocetes were extinct, and the primitive squalodont 
whales were reduced and had vanished by the end of the Pliocene; ziphiids 
were fewer, and the various dolphin types were less numerous. Sperm whales, 
however, continued in fair numbers. Among the whalebone whales, a few 
final members of the cetotheres survived; they were being replaced by more 
abundant balaenids and balaenopterids. 

In most continents beds are present which are transitional from Pliocene 
to Pleistocene; they are here included in the former epoch, but their position 
is much disputed. In Europe this is the Villafranchian stage, best known in 
the Arno Valley in Italy. Corresponding horizons are known in southern and 
eastern Asia; in America this terminal Pliocene is known in the Blanco beds 
of Texas and similar deposits in Kansas, Idaho, and Arizona. The fauna in¬ 
cludes a mixture of characteristic Pliocene types with genera typical of 
Pleistocene and modern times. The period was apparently one of rising lands, 
with the re-establishment of the Bering Strait bridge. This is indicated by 
the fact that the modern horse genus, Equus, appears to have developed at 
this time in North America and had rapidly spread through the Old World to 
become a “type fossil” for this stage and the typical Pleistocene beds which 
follow. 

In South America, too, the latest Pliocene, represented by the older beds 
of the Pampas—^the Chapadmalal—^is a time of transition. The earlier Plio¬ 
cene “natives” are still present, except for the proterotheres. But in these 
deposits are also found numerous invaders from the north. Felids, normal and 
saber-toothed, and bears, as well as procyonids, are among the invading 
carnivores; horses, peccaries, and deer have entered to compete with native 
ungulates, and varied mice to rival the hystricoids. The end is in sight for 
much of the native population. 


PLEISTOCENE 

This shortest of Cenozoic epochs includes only the period of the Ice Age of 
northern regions and was, at the most, a million years or so in length. In the 
Pleistocene we reach a climax in the development of steep climatic gradients 
—a development which appears to have been in process of establishment 
during the later Tertiary. Arctic, temperate, and tropical zones were well 
differentiated. Their boundaries fluctuated considerably during the course 
of the Pleistocene. The evidence indicates that there were four successive 
southward advances of ice caps which covered much of Europe and North 
America. Contemporaneous with these advances were the development of 
great areas of tundra, local glaciations in more southerly mountain masses, 
and a shifting of climatic zones so that areas such as the Sahara and the 
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deserts of the southwestern United States were, for the time, well watered. 
Between the periods of glaciation were three interglacial stages, during which 
zonal boundaries shifted far to the north, so that essentially tropical condi¬ 
tions were to be found over great parts of Europe and North America. 

As a consequence of these climatic conditions, our treatment of faunal 
assemblages in the Pleistocene must be on a somewhat different basis from 
that used in the discussion of earlier Tertiary epochs. There we were able to 
consider the fauna of a continental area as essentially a unit; in the Pleisto¬ 
cene, however, divisions by climatic zones are prominent in the faunal picture. 
In both Eurasia and America the Arctic fauna was (and is) a very meager 
one; the temperate-zone fauna was much restricted in many ways, particu¬ 
larly as regards ungulates; various groups once widespread over much of the 
northern continental areas had retreated to the tropics, to reappear in the 
north, if at all, only during the warm interglacial stages. 

Complete extinction of mammalian groups—^families or higher categories— 
was relatively rare during or at the close of the Pliocene. Definite extinction 
may be noted in the case of the borhyaenid marsupials in South America, 
replaced by incoming fissipede placentals; of the last tropical survivor of the 
old creodonts; of the proterotheriid litopterns in South America; and, in 
North America, of two native ruminant families—the oreodonts and the pro- 
toceratids. There is, however, a very significant reduction in many groups— 
a reduction in numbers of genera or of areas of distribution. Rhinoceroses 
had made their last appearance in North America; Dinotherium had gone 
from Eurasia; in South America the macraucheniid litopterns were reduced 
in numbers; and still further reduction took place among the notoungulates. 
The variety of mastodonts had decreased before the opening of the Pleisto¬ 
cene. In the Old World, anthracotheres and chalicotheres were close to ex¬ 
tinction; rhinoceroses, tragulids, and giraffids reduced. The typical Pliocene 
horses had become extinct, except for sparse records of Hipparion in the 
early Pleistocene or in transitional beds. 

In any region where the fauna is adequately known, we find, in the Pleisto¬ 
cene, representatives of all the types now present. But, in addition, there are 
invariably numerous animals now extinct; and most of these are of large size. 

The Pleistocene giants include representatives of almost every order of 
mammals: giant deer in both Eurasia and North America; the largest of 
proboscideans and of edentates. Large types were present among the South 
American rodents, and there were giant beavers in both Europe and North 
America. In Australia there were giant kangaroos and wombat-like forms 
and even an “outsized” Omitfiorhynchus, Nor were the primates exempt. 
Madagascar lemurs included forms as large as the great apes, and there is 
recent evidence in southeastern Asia of giant human or subhuman types. 

Apart from these large forms, since extinct, the Pleistocene assemblage— 
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particularly that of the later Pleistocene—was one with an air of familiarity 
about it. The time since the close of that epoch has been too short for any 
major evolutionary advance to have taken place, and hence it is not sur¬ 
prising that not merely most of the genera but also many of the species 
living today were common members of the Pleistocene faunas. 

In the Pleistocene the northern continents were more united faunally 
than they had been since the earliest Tertiary. There had been considerable 
exchange between the two hemispheres in late Pliocene days, and the Bering 
Strait bridge appears to have been in existence during much of the Pleisto¬ 
cene, permitting further intermigration. Climatic conditions, however, were 
a strong limiting factor here. Arctic types and temperate-zone forms ac¬ 
customed to cold climates and rugged terrain could cross this region readily; 
plains animals would find passage difficult; tropical forms were barred. 

The Palaearctic and Nearctic regions had, in the Pleistocene as today, 
many groups in common and with generic identity in many cases. A few, 
such as the woolly mammoth and the musk oxen, found from England to 
New Mexico, were arctic types; others were groups familiar in temperate 
zones or climatically ubiquitous. Among essentially temperate-zone types of 
Eurasian origin we may note the deer and more northerly types of bovids, 
such as sheep, bison, and goats; the first reached North America in late Plio¬ 
cene and Pleistocene times, and the bison became the commonest of Ameri¬ 
can ungulates; and, while true goats did not make the passage, the related 
Oreamnos, the mountain “goat,” did. 

Groups already present in both areas and, in general, more tolerant of 
changing climatic surroundings are numerous. Such include varied sciu- 
romorph and myomorph rodents; lagomorphs; canids; true cats, large and 
small; persistent saber-tooths; many mustelids. Pliocene mastodont types 
persisted into the early Pleistocene in both continents, and the true Mastodon 
was a late survivor in North America. Elephants, presumably of Asiatic 
origin, made the crossing to North America, and several types of mammoths, 
in addition to the woolly variety, were present in Old and New Worlds. 
Tapirs were present in both Eurasia and the Americas; true horses of the 
genus Equus flourished in both areas; camels, still present in their American 
homeland, made the passage to Eurasia. 

Despite the many resemblances due to earlier as well as to Pleistocene 
interchanges, Old and New World faunas differed in a number of respects. 
Some of the contrasting types, such as the woolly rhinoceros and the giant 
tundra-dwelling Elasmotherium of Eurasia, were cold-climate forms. Most, 
however, were warmth-loving animals, many of them relatively recent in 
their development; even in the Pliocene, it would seem, the Siberian-Alaskan 
bridge was a difficult route for such animals to travel and in the Pleistocene 
was impossible. 
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With the coming of the Ice Age, many elements of the Pliocene Eurasian 
fauna were driven southward. A few of these forms, such as the hippopota¬ 
mi, hyenas, and southern genera of rhinoceroses ventured north again dur¬ 
ing the warm interglacial stages. Others never returned. They were, for the 
most part, confined to the southern regions of Asia and of Africa. Many of 
the types found in the Pleistocene in these areas have survived to modern 
times. Among these may be mentioned a varied series of primates, including 
great apes, cercopithecid monkeys, and lemurs; abundant antelopes; viver- 
rids; pangolins; aardvarks. As has been said, this tropical fauna is markedly 
similar to the older Pontian fauna once widespread in more northerly regions. 
This similarity is enhanced by the persistence in the tropics during the 
Pleistocene of a number of archaic mammalian types which have since become 
extinct, such as Dinotherium and the last anthracotheres and chalicotheres. 

In North America, as in Eurasia, peculiar indigenous mammalian types 
persisted in the Pleistocene. Such forms were, however, fewer in number than 
in the Old World; the more prominent forms are the peccaries, native 
geomyoid rodents, and antilocaprids, of which several genera were present. 
More notable was a considerable influx of South American mammals which 
had traveled northward over the Central American land bridge. A variety of 
ground sloths— Megatherium^ Myhdon, Megalonyx, Nothrotherium —were 
common mammals; and glyptodonts and armadillos, large and small, were 
present in the Gulf region. Of hystricoid rodents only the porcupine en¬ 
tered northern areas. It is not improbable that the Pleistocene and Recent 
opossums of North America are reimmigrants from the south. 

A great host of northern invaders entered South America in the Pleisto¬ 
cene and are abundant fossils in such superficial deposits as those of the 
Argentine and Uruguayan pampas and the Tarija beds of Bolivia. Of car¬ 
nivores, the mustelids, the dogs, and the saber-tooth Smilodon had joined 
the procyonids, cats, and bears already present and presumably made havoc 
among the native animals. Competition of newcomers with the native 
herbivores was increased with the incoming of tapirs, peccaries, and llamas 
to join the horses and deer, which had entered in the late Pliocene. Mam¬ 
moths failed to gain entry, but several mastodonts were present, and among 
the smaller mammals there were numerous invading mice and lagomorphs. 

Of the old natives of South America, the hystricoid rodents, the monkeys, 
and the opossums appear to have been little affected. The edentates were 
seemingly in vigorous condition; for, in addition to the smaller types— 
armadillos, anteaters, tree sloths—the Pleistocene fauna included a variety 
of ground sloths and glyptodonts, unaware (so to speak) of their approach¬ 
ing extinction. On the other hand, the native ungulates were already close 
to the vanishing-point. Of the great array of families and orders present in 
the earlier epodis, there are but half-a-do2^n genera still present—^these in- 
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eluding the litoptern Macrauchenia and the notoungulates Toxodon and 
Typotherium, Pleistocene and Subrecent cave deposits in the West Indies 
indicate that by some route a variety of small sloths and hystricoid rodents, 
nearly all now extinct, had reached those islands. 

The Tertiary history of Australia is practically unknown; in the Pleisto¬ 
cene, when we first see the Australian mammal assemblage, it was in great 
measure that found today: monotremes; a great variety of marsupials, both 
carnivorous and herbivorous; of terrestrial placentals only a restricted series 
of rats and—presumably fellow-entrants in the late Pleistocene—^man and 
dog. A feature of the Pleistocene here, as elsewhere, is the development of 
giant types, such as the marsupials Diprotodon and Thylacoleo. 

Man appears to have been essentially a Pleistocene development. His 
homeland was surely some portion of the Eurasian-African land mass, and 
this area marks the limit of his spread for most of the Pleistocene. Australia, 
as far as we now know, was entered late in that epoch, and America not until 
the end of the Pleistocene, at the earliest. 

RECENT 

The Recent fauna of the world is marked, apart from the spread of man¬ 
kind, by a relative paucity in its mammalian population. There are pre¬ 
sumably no living types which were not also present in the Pleistocene, but 
many forms then present are now extinct. These were mainly mammals of 
large or more than average size. We may list the more conspicuous of the 
absent groups: the giant marsupials and monotremes of Australia; the saber¬ 
tooths; the last of the South American ungulates; the ground sloths and 
glyptodonts; all the proboscideans except the two surviving elephants; the 
chalicotheres; the sivatheres; the anthracotheres; giant cervids; giant bea¬ 
vers. Regionally, too, there has been much extinction among groups formerly 
widespread. The range of the surviving proboscideans is a greatly restricted 
one; camels and tapirs disappeared from North America, peccaries from 
much of this region, horses from both Americas; rhinoceroses and hippo¬ 
potami from much of Eurasia. 

The reasons for this extinction of large mammals is difficult to discern. It 
was not altogether a matter of climatic vicissitude due to the Ice Age, for 
many of the extinct proboscideans survived to the end of the Pleistocene; 
and horses, camels, and ground sloths may have persisted in the American 
Southwest until very late times. Nor can we believe that disease can have 
been a major factor; for a disease which would attack such a variety of large 
wimals and leave small ones untouched would be peculiar indeed. The 
spreading of mankind, Homo sapiens^ is the only new feature seen in the late 
Heistocene. Man may perhaps be responsible in some degree for this catas¬ 
trophe; but his influence at the most must have been an indirect one. 
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Below is given a classification of vertebrates which includes a comprehen¬ 
sive (although by no means complete) list of genera known as fossils, to¬ 
gether with a brief record of the ages and areas of their occurrences. It will 
be understood that such a compilation cannot well be completely critical or 
exhaustive and hence undoubtedly contains inaccuracies and omissions. To 
place the fossil forms in proper perspective, all families of vertebrates are 
listed (with their present distribution) whether they include fossil forms or 
not. 

Abbreviations. — Geological: Carb., Carboniferous; Cret., Cretaceous; 
Dev., Devonian; Eoc., Eocene; Jur., Jurassic; L., Lower; M., Middle; Mioc., 
Miocene; Miss., Mississippian; Olig., Oligocenc; Ord., Ordovician; Paleoc., 
Paleocene; Penn., Pennsylvanian; Perm., Permian; Pleist., Pleistocene; 
Plioc., Pliocene; R. Recent; Sil., Silurian; Tert., Tertiary; Trias., Triassic; 
U., Upper. 

Geographical: Af., Africa; Ant., Antarctica; Arc., Arctic; As., Asia; Atl., 
Atlantic; Aus., Australia; CA., Central America; Cos., Cosmopolitan; EAs., 
East Asia; EInd., East Indies; Eu., Europe; Gr., Greenland; Ind., Indian; 
Mad., Madagascar; NA., North America; NAf., North Africa; NAs., North¬ 
ern Asia; NAtl., North Atlantic; NPac., North Pacific; NZ., New Zealand; 
Oc., Ocean(s); Pac., Pacific; SA, South America; SAf., South Africa; SAs. 
Southern Asia; SAtl., South Atlantic; SPac., South Pacific; Spitz., Spitzber- 
gen; WAs., Western Asia; Wind., West Indies; WNA., Western North 
America. 

CLASS AGNATIIA 

SUBCLASS CEPHALASPIDOMORPHI 

Order Osteostraci. F. Tremataspidae, Tremataspis U. Sil. Eu. F. Dartmuthiidae, 
Dartmuthia Didymaspis RotsikueUaspis U. Sil. Eu. F. Oeselaspidae, Oeselaspis 
U. Sil. Eu. F. Cephalaspidae, Aceraspis Ateleaspis Ilemicyclaspis Micraspis 
Saaremaaspis Sclerodus [Eukeraspis] Thyestes [ Auchenaspis] Witaaspis U. Sil. 
Eu., Hoelaspis U. Sil. Spitz., Cephalaspis U. Sil.-L. Dev. Eu. Spitz., L. Dev. 
EAs., L.-U. Dev. NA, Boreaspis Kieraspis U. Sil.-L. Dev. Spitz., Benneviaspis 
Securiaspis U. Sil. Spitz., L. Dev. Eu. 

Order Anaspida. F. Birkeniidae, Saarolepis [ Anaspia] Birkenia Pharyngokpis Ptero- 
lepis Rhyncholepis U. Sil. Eu., Cienopleuron U. Sil. NA. F. Euphaneropsidae, 
Euphanerops U. Dev. NA. F. Lasaniidae, Lasanius U. Sil. Eu. F. Endeiolepidae, 
Endewlepis U. Dev. NA. 

Order Cyclostomata 

SUBORDER myxinoidea. F. Bdellostomatidae, K. Oc. F. Myxinidae, R. Oc. 

SUBORDER PETROMYZONTIA. F. PetTomyzoxitidae, R. Oc. Eu. NA, SA. Aus. NZ. 

SUBCLASS PTERASPIDOMORPHI 

Order Heterostraci. ?F. Astraspidae, Astrudpis U. Ord. NA. F. Poraspidae, Dirm^ 
pideUa [Dinaspia] Heymaspia [Homalaapia] U, Sil. Spitz., Anglaapia Ctermapia 
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Irregularectspis [Dictyaspis] Poraspis [Holaspis] U. Sil. Spitz. Eu., Americaspis 
[Palaeaspis] U. Sil. NA. ?Eu., Bryantaspis [Cryptaspis] L. Dev. NA. F. Cyathas- 
pidae, Archegonaspis Corvaspis Cyathaspis Tolypelepis [Tolypaspis] Tra- 
quairaspis U. Sil. Eu., Diplaspis Eoarchegonaspis U. Sil. NA., ?Orthaspis L. Dev. 
Eu., Cardipeltis L. Dev. N.A., Ilibernaspis L. Dev. NAs. F. Pteraspidae, 
Brachipteraspis U. Sil.-L. Dev. Eu., Pteraspis U. Sil.-L. Dev. Eu., L. Dev. NA., 
Dyreaspis L. Dev. Spitz., Podoldspis Rhinopteraspis L. Dev. Eu., Protaspis 

L. Dev. Eu. NA., Eucyrtaspis [Cyrtaspis] Glossoidaspis L. Dev. N.A., Yolinia 

M. Dev. Eu. F. Drepanaspidae, ?Eryptyckius IT. Ord. NA., Phialaspis Tesseraspis 
U. Sil. Eu., ?Weigeltaspis U. Sil.-L. Dev. Eu., Drepanaspis Lophiaspis L. Dev. 
Eu., Psammostcyjt M.-U. Dev. Eu., U. Dev. NA., Spitz., Dyptychosteus Ganosteus 
[Pycnosieus] Placosteus Psammolepis Schizoftteus M. Dev. Eu., Karelosteus U. Dev. 
Eu. F. Amphiaspidae, Amphiaspis L. Dev. NAs. 

Order Coelolepida. F. Thelodontidae, Coelolepis U. Sil.-L. Dev. Eu., Lanarkia Nostol- 
epis Pldeholepu U. Sil. Eu., Thelodvs ?Ord. NA., U. Sil.-L. Dev. Eu. NA., ?U. 
Dev. Eu., ?Paraplesiobatu L. Dev. Eu. 

CLASS PLACODERMI 

Order Acanthodii. F. Diplacanthidae, Dendracanthus Dontacanthus U. Sil. Eu., Cli- 
matius U. Sil.-L. Dev. Eu., L. Dev. NA., Onchus U. Sil.-L. Dev. Eu., U. Sil.- 
U Dev. NA., ?Belacanthits Bradyacanthus ?Conolepis Euthacanthus Parexua 
?Poracanthodes L. Dev. Eu., Nodacanthm L.-U. Dev. Eu., M.-U. Dev. NA., 
Ilofnacanthus L. Dev.-Miss. NA., M. Dev.-Penn. Eu., Diplacanthus IRkadina- 
canthus] M. Dev. Eu., U. Dev. NA., Devononchus M.-U. Dev. Eu., Haplacanthus 
M.-U. Dev. Eu., M. Dev. Gr., Marsdenim Miss. Eu. F. Ischnacanthidae, 
fGomphodus U. Sil.-L. Dev. Eu., Ischitacanthm ?U. Sil., L.-M. Dev. Eu. F. 
Acanthodidae, Acanthoides L. Dev. Eu., M. Dev. NA., Cheiracanthus L. Dev. 
NA., M.-U. Dev. Eu., U. Dev. Ant., Miss. Au^, Penn. NAs., Mesacanthus 
L.-M. Dev. Eu., U. Dev, NA., Cheiracanthoides ?Helolepis M. Dev. NA., 
Acanthodes [Acantlwesaus] U. Dev.-Penn. NA., Miss.-L. Perm. NAs. Eu. Aus., 
L. Perm. Gr., Eupleurogmus Miss. Aus., HolmeaeUa Penn.^NA., ? Acanihodopais 
Paevdacanthodea [Protajcanthodea] Traquairichthya [Traquairia] Penn. Eu. F. 
Gyracanthidae, Gyracanthua L. Dev.-Miss. NA., Miss.-Penn. Eu., ?Coamacan- 
thua U. Dev. Eu., Oyracanihoidea Miss. Aus. ?F. Onychodontidae, Onychodua 

L. Dev, NAs. Spitz., L.-U. Dev. Eu., M.-U. Dev. NA. PAcanthodii, incertae 
sedis: Andairodua Campylodita Stigmodua U. Sil. Eu., Plectrodua U. Sil. Eu., 

M. Dev. NA., Doliodua L. Dev. NA., Lophoateua L. Dev. Eu., Machaeracanthua 
L.-M. Dev. Eu., L.-U. Dev. NA,, ?Striacanthua U. Dev. Aus. 

Order Arthbodira 

SUBORDER EUARTHRODIRA 

INFRAOBDER ARCTOLEPiDA (acanthaspida). F. Phl 3 rctaenaspidae, ? Pcdaeaccmtkaapis 
U. Sil. Eu., Anarthraapia Bryantaapia [EuryaapUi L. Dev. NA., Camptaapia 
L. Dev. NA., Euptyohaapia [Ptyck<iapia] L. Djev. NA., Phlyctaermpia L. Dev. 
NA. Eu.» ?M Dev. Aus., Diadaomaapia Euleptaapia [Leptaapia] Ku^nowidapia 
Proaphymaapia Taunaapia L. Dev. Eu., Arctolepia [** Aoanthaapia** Jaekeh^pia 
HeirUzaapia] LaUtapia [PUdaapia] Svcdbardaapia L. Dev. Eu. ^itz., Ardaapia 
Elegantaapia Heteragaapia [Momapia] Huginaapia Mediaapia, 1,, J>tv^ 

M. M.‘Dev. Eu. 
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INFRAORDER BRACHYTHORACi. F. Coccosteidae, Protitanichthys M. Dev, NA., Gonios- 
tens Rhachiosteus Tropidostem M. Dev. Eu., Coccosteus M.~U. Dev. Eu. NA., 
Dev. Nova Zembla, Dinichthys [Perissognathus] M.-U. Dev. Eu. NAs., U. Dev. 
NA., Copanognathus [Hussakofia] Gorgonichthys Ileintzichthys [Stenognaihtis 
Machaerognathm] Holdenius Waodwardosteus [Liognathus] U. Dev. NA., ?Chelyo~ 
phorus U. Dev. Eu., Pholidosteus U. Dev. Eu. NA., Groerdandaspis U. Dev. Gr. 
F. Titamchth 3 ddae, Titanichtkys ?Brontichtkys U. Dev. NA. F. Mylostomidae, 
Dinognathus Dinomyhstoma Myhstoma U. Dev. NA. F. Selenosteidae, Callo- 
gnathus Gymnotrachelus Selenosteus Stenosteus U. Dev. NA., F. Pachyosteidae, 
Enseostem Leiosteus MicrosteiLs Pachyosteus Rhinostetis U. Dev. Eu. F. Had- 
rosteidae, Hadrosteus U. Dev. Eu. F. Leptosteidae, Leptosteus U. Dev. Eu. NA. 
F. Trematosteidae, Belosteus Brachyosteus Cyrtosteus Trematosteus U. Dev. Eu. 
F. Brachydiridae, BrachydiriLs U. Dev. Eu. F. Oxyosteidae, Oxyosteus U. Dev. 
Eu. F. S 3 rtiaucheiiiidae, Synarwhenia, [Synosteus] U. Dev. Eu. F. Homostiidae, 
Homostius M. Dev. Gr. Spitz., M.-U. Dev. Eu. F. Heterostiidaei Heterostius 
M. Dev. Gr. Spitz., M.-U. Dev. Eu. F. Holonemidae, Angarichthys L. Dev. 
NAs., ?Aspidichthys M.-U. Dev. NA., U. Dev. Eu., Ilolonema M. Dev. As., 
M.-U. Dev. Eu. NA., ?AnomaLichthys Megaloplax U. Dev. Eu., Deirosteus U. Dev. 
Eu. NA., Gyroplacostetis U. Dev. Eu. Aus. Incertae sedis: Diplognathus Glyptas- 
pis Trachosteus U. Dev. NA. 

SUBORDER PTYCTODONTiDA. F. Ptyctodoxitidae, Deinodus M. Dev. NA., Rhamphodopsis 
M. Dev. Eu., Rhynchodus M.-U. Dev. Eu. NA., Ptyctodus M.-U. Dev. Eu. 
NA., U. Dev. NAs., Eczematolepis [Palaeomylm Acantkolepis Phlyctaena- 
cantkus] M.-U. Dev. NA., ?Chelyophorus Rhamphodontus [Rhamphodm] Rhyncho- 
dontits U. Dev. Eu., Paraptyctodus U. Dev. NA. 

SUBORDER PHYLLOLEPiDA. F. Phyllolepidae, PhyUolepii [Pentagonalepis] U. Dev. Eu. 
NA. Aus. Gr. 

Order Macropetalichthyida (Petalichthyida). F. Macropetalichthyidae, Lunaspis 

L. Dev. Eu. NAl. Spitz., Macropetalichthys M. Dev. Eu. NA., Notopetalichthys 

M. Dev. Aus., Epipetalichthys M.-U. Dev. Eu. 

Order Antiabchi> ..F. Asterolepidae, Gerdalepis Microhrachius Pterichthyodes [Pterich- 
thys] M. Dev. Eu., AateroUpis M. Dev. Gr., U. Dev. Eu. Bothriolepis M.-U. Dev. 
NA. Eu., U. Dev. As. Aus. Ant. Af. Nova Zembla, Cypfwlepis Taeniolepis U. 
Dev. Eu. F.Byssacanthidae, Belemnacandius [Ceraspis Grossaspis] M. Dev. Eu., 
Byssacanthus M.-U. Dev. Eu., Lepadokpis [Ceratokpis] U. Dev. Eu., Byssaean^ 
thoides U. Dev. Ant. F. Remigolepidae, Remigokpis U. Dev. Gr. Aus. ?NA. 
Order Stegoselachii 

SUBORDER STENSioELUDA. F. Stexisioellidae, Nessariosioma Pseudopetalichtkys Stemio- 
eUa L. Dev. Eu. ?F. Cratoselacliiidae, CfcUoselache L. Garb. Eu. 

SUBORDER RHENANiDA. F. Gemuendinidae, fFarneUia U. Sil. Dev. Eu., ?Conokpu 
Oemuendina L. Dev. Eu., ?Protodus L. Dev. NA, Eu., Asterosteus M. Dev. NA. 
Jagarina U. Dev. Eu. 

Order Palabospondtlo^ea. F. Palaeospondylidae, Palaeospondyhis M. Dev. Eu. 
CLASS CHONDBICHTHYES 

SUBCLASS BLASMOBRANCHn 

^ pRpBR CXiADosELAomi. F« C|adoselacltidae, ? Ckdokpis, fOkiokpis M. Dev. NA., ** Chdo 
dm** (pt.) M. Dev.-L. Penn. NA., tJ, Dcv.-U. Penn. Eu., L. Perm. Gr., 

Midache II. Dev. NA. Eu. U. Dev. NA. F. Cteiiacantlii<^e, **Clado- 
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du8^* (pt.) M. Dev.-L. Perm. NA., U. Dev.-U. Perm. Eu., L. Perm. Gr., ?Phoebo^ 
dm M. Dev.“Miss. NA., Ctenacxmthm TT. Dev. As., U. Dev.-L. Perm. NA., Miss.- 
Penn. Eu., Goodrickia Miss. Eu. 

Order Selachii. 

SUBORDER HYBODONTOIDEA. F. Coronodontidae, Coroiiodus U. Dev. NA., ?Denaea 
Miss. Eu. F. Tristychiidae, Tristychim Miss. Eu. F. Hybodontidae, Eoorodus 
U. Dev. NA., Protacrodus U. Dev. Eu., Desmiodm Hybocladodm Mesodmodus 
Miss. NA., Dicrenodm [Carchariopsis Pristicladodus] Miss. NA. Eu., Orodus 
Miss. Eu., Miss.-Penn. NA., Petrodvs Miss.-Peim. Eu., Penn. NA., Symmorium 
Penn. NA., Uybodopsk Sphenacanthus Penn. Eu., Arctacanthm [Dolophonodm] 
L. Perm. NA. Gr., Wodnika TJ. Perm. Eu., Acrodm ?Perm. As., L. Trias.-U. 
Cret. Eu., M. Trias.-U. Cret. NA., U. Trias. Spitz., U. Cret. SA., Hybodm L. 
Trias. Spitz. Gr., M. Trias. TT. Jur. NA., M. Trias.~lJ. Cret. Eu., U. Trias.-Jur. 
EAs., Jur.-Cret. Aus., U. Cret. NAf., Polyacrodm L. Trias. Gr., M.-U. Trias. 
Eu., Lissodm L. Trias. SAf., Doratodm M.-TJ. Trias. Eu., Nemacanthm M. 
Trias.-U. Jur. Eu., U. Trias. Spitz. NA., PalacohatesM.. Trias. Eu. Spitz., Carina^ 
canthm U. Trias. NA., Asteracanthm [Strophodm] U. Trias. NA., L. Jur.-L. Cret. 
Eu., Jur. EAs. Mad., U. Cret. NAf. Bdellodus L. Jur. Eu., Orthacodm U. Jur.- 
L. Cret. Eu., Synechodm L. Cret.-Eoc. Eu., U. Cret.-Eoc. NA. SA., U. Cret. 
NAf., Eoc. NZ. As., Platyacrodus Pscudacrodm U. Cret. SA. F. Edestidae, Scoli- 
orhiza Miss. NA., Ededm Mi.ss.-Penn. Eu., Penn.~L. Perm. NA., Campodus 
Miss.-L. Perm. Eu., Penn.-L. Perm. NA., Lissoprkm Toxoprion Penn. NA., 
Agassizodm Penn. NA., L. l*erin, Gr., Ildicampodus Perm. SAs., Ilelicoprion 
L. Perm. Eu. As. EInd. Aus., Parahelicoprion L. Perm. Eu., Fadcnia L. Perm. Gr. 
SUBORDER iiETERODONToiDEA. F. Heterodontidae (Cestraciontidae), R. Oc., Palaeo- 
spinax L. Jur. Eu., Jletcrodojdm [Cestracion] U. Jur.-Olig. Eu., U, Cret.-Eoc. 
Af., Mioc. SA. NZ. Aus., R. Pac. Oc. Ind. Oc., Parapalacobates U. Cret. NAf. 
SUBORDER NOTiDANOiDEA. F. Hezanchidae (Notidanidae), R. Oc., Hexanchm [Noti- 
danus] M. Jur.-Plioc. Eu., U. Cret. WAs. NZ. Mad., U. Cret.-Olig. SA., Eoc. 
Af., Mioc. NA., R. Oc. F, Chlamydoselachidae, R. Oc., Chlamydosekche Mioc. 
Wind., Plioc. Eu., R. NAtl. NPac. 

SUBORDER GALEOiDEA, F. Carchaiiidae, R. Oc., Carcharim [Odontaapis] L. Cret.-Plioc. 
Eu., U. Cret.-Mioc. SA., U. Cret.-Plioc. NA. NZ., U. Cret. As., Paleoc.-Plioc. 
Af., Mioc. Aus. Wind. F, Scapanorhynchidae, R. Oc., Scapanorhynchtis [MiU 
sukurina] L.-U. Cret. Eu., U. Cret. As. Af. NZ. SA., Cret. ?Mioc. NA., U. Cret. 
Paleoc. Wind., R. Atl. NPac. F. Isuridae (Lamnidae), R. Oc., Orthacodm L. 
Jur.-U. Cret. Eu., U. Cret. NA., Isurus [Otodus Oxyrhina Lamna] L. Cret.- 
Plioc. Eu., U. Cret.-Mioc. Aus. As. SA., U. Cret.-Plioc. Af., U. Cret., Mioc. 
Wind., U. Cret.-Pleist. NA., Mioc. Mad., Mioc.-Plioc. NZ., R. Oc., Carcharodon 
U. Cret.-Pleist. Eu., Eoc.-PIioc. Af., Eoc.-Pleist. NA., Mioc. SA. Elnd., Mioc.- 
Plioc. Wind. NZ., Plioc. EAs., R. Oc., Squalicorax [C&rax] U. Cret. NAf. Mad. 
As. SA. Wind., U. Cret.-Eoc. NA., U. Cret.-Mioc. Eu., Psevdocarax U. Cret. 
Eu., Hypotodm Eoc.-01ig. Eu., CarcJiariolamna Mioc. SAs., Carcharoidea Mioc. 
SA. Aus. F. Cetorhinidae (Halsydridae), R. Oc., Cetorhinm [Halaydrua] Olig.- 
Plioc. Eu., R. Oc. F. Alopiidae, R. Oc., Ahpias [Vulpectda] Eoc. Af., Olig.- 
Mioc. Eu., R. Oc. F. Orectolobidae, R. Oc., Croaaorkinopa U. Jur. Eu., OredMbm 
[Croaa<yrhinua] ?U. Jur. Eu., B. Oc., Ginglymoatoma U. Cret. Wind., U. Cret.- 
Eoc. Eu., Eoc. Af. NA., R. Oc., ChUoacyUium Mioc. Eu., R. Oc. F. RMneodonti- 
dae, R. Oc. F. Scjdliorhinidae (Scylliidae), R. Oc., PalaeoacyUium U. Jur. Eu., 
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Galeus [PrMurus] U. Jur.-Plioc. Eu., Eoc. NA. Af., R. Oc., Cantiosci/llium U. 
Cret. Eu., Mesiteia U. Cret. WAs., Eoc. Eu., Scylliorhinus [Scyllium Thyellina] 
U. Cret. WAs. NA., U. Cret.-Plioc. Eu., Eoc. NAi., R. Oc. F. Pseudotriakidae, 
R. Oc. F. Triakidae, R. Oc., Mustelvs Olig.-Plioc. Eu., R. Oc. F. Galeolamnidae 
(Carcharinidae), R. Oc., Bidentulus [Bidentia] Jur. Eu., Galeocerdo U. Cret.~ 
Mioc. NA., Eoc.-Mioc. Af., Eoc.-Plioc. Eu., Mioc. As. SA. Wind., R. Oc., Hemi- 
pristis U. Cret.-Mioc. NA., U. Cret.-Plioc. Eu., Eoc.-Mioc. Af., Mioc. As. SA., 
Tert. EInd., R. Oc., Pseudogalem Eoc. Eu., Alopiopsis Eoc. NAf., Eoc.-Olig. 
Eu., Galeolamna [Aprionodon Carcharinus Evgaleus Ilypoprion Prionodon] 
Eoc. Af., Eoc.-Plioc. Eu. NA., Olig.-Mioc. SA., Mioc. Wind., R. Oc., Ilennigia 
Mioc. Eu. F. Sphymidae, R. Oc. Protosphyrna U. Cret. SA., Sphyma [Zygaena] 
U. Cret.-Mioc. NA., Mioc. Af., Mioc.-Plioc. Eu., R. Oc. 

SUBORDER sQUALoiDEA. F. Protospuiacidae, Protospinax U. Jur. Eu. F. Squalidae (Spina- 
cidae), R. Oc., Centrophorus U. Cret. WAs., ?U. Cret., Mioc. Eu., R. Oc., Spinax 
[Etmopterus] .'*U. Cret., Mioc. Eu., R. Oc., Squalus [Acanthias] U. Cret. WAs., 
U. Cret.-Plioc. Eu., Eoc. NAf., Olig. SA., Mioc. NA., R. Oc., Oxynotus [Cen- 
trina] Mioc.-Plioc. Eu., R. Oc. F. Scymnorhinidae (Dalatiidae), R. Oc., Isistius 
U. Cret.-Eoc. Af., Eoc. Mioc. Eu., R. Oc., Scymnorhmvs [Dalatius Svymnus] 
IT. Cret. WAs. NA., Eoc. NAf., Eoc.-Plioc. Eu., Mioc. NZ., R. Oc. F. Echinorhin- 
idae, R. Oc., Echinorhinus Mioc. NA., Plioc. Eu., R. Oc. F. Pristiophoridae, R. 
Oc., Marckgrafia U. Cret. NAf., Propristiophorus U. Cret. WAs., Pristiopkorus 
Mioc. Eu., R. Oc., Pliotrema Tert. NZ., R. Oc. F. Rhinidae (Squatinidae), R. 
Oc., Uhina [Bqmtina] U. Jur.-l^lioc. Eu., U. Cret. WAs., U. Cret.-Mioc. NA., 
Eoc. Af., R. Oc. 

Order Batoidea (Hypothemata, Hajii*x>rmes). F. Rhinobatidae, R. Oc., Asterodermus 
Belemnobaiis Cydmthrus 11. Jur. Eu., Rhinohaiis [Euryarthra t>pathiohatis] U. 
Jur.-Mioc. Eu., U. Cret, WAs., R. Oc., Rhynchobatus Trygoriorfrina Eoc.- Mioc. 
Eu., R. Oc. F. Pristidae, R. Oc., Ischyrhiza U. Cret. NA. SA., Sclerorhynchm U. 
Cret. WAs., Schizorhina U. Cret. Af., Onchosaurus [Gigantichthys] U. Cret. Eu. 
NAf., Dalpiazla GanopriMis Onychopristis Peyeria U. Cret. NAf., Pristis ?U. 
Cret., Eoc. NA., Eoc. Af., Eoc.-Mioc. Eu., R. Oc., Anoxyprutis [Oxypristis] 
Centropristis Eoc. Eu., Propristis [ Amblypristis Eopristis] Eoc. Af. F. Discobat- 
idae, R. Oc., ?Platyrhina Eoc. Eu., R. Oc. F. Rajidae, R. Oc., Raja [ Actinobatu] 
U. Cret. WAs. Wind., Paleoc.-Plioc. Eu., Eoc.-Mioc. NA., R. Oc., Platyspon- 
dylus U. Cret. NAf., }PtatyrhinaEoc, Eu., R. Oc., OncobatisVWoc. NA. F. TTygQiDr' 
idae (Dasyatidae), R. Oc., Trygon [ Alexatidrinum] ?U. Cret. NAf., ?L. Cret., 
Eoc.-Mioc. Eu., Eoc.-Pleist. NA., R. Oc., Parapalacobates U. Cret. NAf., Rhom- 
bodus U. Cret. NAf. Eu. SA., Ptychotrygon U. Cret. Eu., Myledaphus U. Cret. 
NA., Cychbatis U. Cret. W^As., Hypolophites ?U. Cret., Eoc. Af., Xiphotrygon 
[HeUobatis] Eoc. NA., Taeniura Eoc.-Plioc. Eu., R. Oc., Urolophus Eoc. Eu., 
Pleist. NA., R. Oc., Hypolophus Eoc. Eu., R, Oc., Pteroplatea Mioc. NA., R. Oc., 
Gryphodobatis Plioc. NA. P, Potamotrygonidae, R. SA., F. Ptychodontidae, Hy^ 
laeobatis L. Cret. Eu., Heteroptychodus U. Cret. EAs., Ptychodus U. Cret. Eu. As. 
NAf. EInd. NA., Aulodus Hemiptychodus U. Cret. Eu. F. Myliobatidae, R. Oc., 
Myliobatis L. Cret.-Plioc. Eu., U. Cret.-Mioc. NA., Eoc. Af., Mioc. As., Tert. 
NZ., R. Oc., Apocopodon U. Cret. SA., Rhinoptera [Zygohates] U. Cret. SA., U. 
Cret.-Eoc. Af., U. Cret.-Plioc. Eu., Eoc.-Mioc. NA., Aetobatis Paleoc.-Plioc. 
Eu., Eoc. Af., Eoc.-PIeist. NA., Mioc. As. SA., R. Oc., Promyliobaiis Eoc. Eu., 
Mesobatis Plioc. NA. F. Molbulidae, R. Oc., Manta Plioc. NA., R. Oc. F. Toipedin- 
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idae, R. Oc., Eotorpedo Eoc. Af., Torpedo ?Eoc, Eu., R. Oc., Nardne Eoc. Eu., 
R. Oc., Narcopterus Eoc. Eu. 

Order Pleuracanthodii. F. Pleuracanthidae, Pleuracanthus IDiplodm Dittodus Or- 
thcuoanthus Xenacanthm] U. Dev.-L. Perm. NA., Miss.-L. Perm., ?U. Trias. Eu., 
U. Trias. Aus. 


SUBCLASS HOLOCEPHALI 

Order Bradyodonti. F. Cochliodontidae, Helodm [Diclitodm] U. Dev.-L. Perm. NA,, 
Miss.-Penn. Eu., Perm. Aus., Sandalodns U. Dev.- Penn. NA., Miss. Eu., Chito- 
nodtis Cochliodtis Deltoptychius Oracanthus Miss. Eu. NA., Cladacanthui Euto- 
modus [Tomodus] Miss. Eu., Deltodopsis Periplectrodus Miss. NA., Deltodus Poe- 
cilodus Xystrodus Miss. Eu., Miss.-Penn. NA., Strehlodus Miss. Eu., Penn. NA., 
Orthophurodus Peripristis Vaticinodus Miss.-Penn. NA., Pleuroplax Miss.- 
Penn. Eu., Paephodus Miss.-Penn. Eu. SAs., Miss.-L. Perm. NA., Menaspis 
^Wwdamas U. Perm. Eu. F. Petalodontidae, Euglossodus [Ghssodtis] Mesolopho- 
dus Pristodus Miss. Eu., Antliodus [Tanaodus] Petalorhynchus Polyrhizodus 
Miss. Eu. NA., Fissodus Miss. Eu., Miss.-Penn. NA., Climaxodus Miss.-Penn, 
Eu., Ctenopetalodus Miss.-Penn. Eu. NA., Callopristodus Miss.-Penn. Eu., Penn. 
NA., Petalodus Miss.-Penn. NA., Miss.-L. Perm. Eu., Ctenoptychivs Miss.- 
Penn. NA., Penn. Eu., U. Perm. Eu., Janassa Penn.-L. Perm. NA., Penn.-U. 
Perm. Eu., L. Perm. Gr., Brachyrhizodus Megactenopetalus L. Perm. NA. F. 
Psammodontidae, Mazodus Miss. NA., Archaeohatu ?Miss. NA., Psammodus 
Miss. NA. Eu., Lagarodus Miss.-Penn. Eu. F. Copodontidae, Acmoniodus U. 
Dev. NA,, Lahodus Miss. NA. Eu., Copodus Miss. Eu. NA., ?L. Perm. Gr., Sok- 
nodus Penn. Eu. F. Chondrenchelydidae, Chondrencfielys }Eucentrurus Miss. Eu. 

Order Chimaerae. F. Squalorajidae, Squahraja L. Jur. Eu. F. Mj^riacanthidae, Acan- 
thorhina L, Jur. Eu., Myriacanthvs L.-M. Jur. Eu., Chimaeropsis L.-U. Jur. Eu. 
F. Chimaeridae, R. Oc., Brachymylus L.-U. Jur. Eu., Pachymylus M. Jur. Eu., 
Ischyodus M. Jur.-U. Cret. Eu., Cret. NZ., Ganodus U. Jur. Eu., Elasmodectes 
U. Jur.-U. Cret. Eu., Edaphodon L. Cret.-Mioc. Eu., U. Cret.-Eoc. NA., Ich- 
thypriapua Isotaenia Leptomylus Myledapkus U. Cret. NA., Chimaera U. Cret. 
Aus., Eoc.-Plioc, Eu., Tert. NZ, EInd., R. Oc., Callorhynchus U. Cret. NZ., Mioc. 
SA., R. Oc., Elasmodus U. Cret.-Eoc. Eu., Amylodon Olig. Eu. 

CHONDRICHTHYES OR PLACODERMI INCERTAE 
SEDIS—ICHTHYODORULITES 

Bulbocanthus Helenacanthus Pinnacanthus L. Dev. NA., Cyrtacanihus M. Dev. 
NA., Gamphacanthus M.-U. Dev. NA., Apateacantkus Hoplonchus Oestopharus 
U. Dev. NA„ Heteracanthus U. Dev. Eu. NA., Stethacantkus U. Dev.-Miss. NA., 
Bythiacanihus Gampsacanthus Glymmatacanthus Lecracardhus Xysiracanthus 
Miss. NA., Erismacanthtts Geisacanthtis [Cosmacanthus] Ilarpacanihus Miss. NA. 
Eu., Cynopodiua Dipriacanthus Euphyamnthus Gnathacanthus Lispacanthus 
MargarUacanthtis [Emcardhus] Stichacanthus Miss. Eu., AoondylacanUms Aate- 
roptyehius Miss. Eu., Miss.-Penn, NA., Pkysonemus Miss. Eu., Miss.-Penn. NA., 
Penn. SAs., Batacanikm Miss.-Penn. NA., Emtenodopsia Lepraoantkua Penn. 
Eu., Eucieniua Liatracanikua Penn. Eu. NA., Macrodontacmtkua Hamatua L. 
Perm. NA., Anmiriodua L. Perm. NA. Bind., Thaumatacanthtia Penn. SAs. 
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CLASS OSTEICHTHYES 

SUBCLASS ACTINOPTERYGII 

SUPEBORDER ClIONDROSTEI 

Order Palaeoniscoidea. F. Cheirolepidae, Cheirolcpis M. Dev. Eu., U. Dev. NA. F. 
Rhadinichthyidae, Stegotrachelus M. Dev. Eu., ?U. Dev. NA. Ant., Rhadinichthys 
U. Dev. NAs., U. Dev. -Penn. NA. Eu., Penn. SA., Aetheretmon Cycloptychius 
Fouldenia Rhadinoniscus Strepheoschema Miss. Eu., ?Eurylepidoides L. Perm. NA. 
F. Canobiidae, Canohius Mesopoma Miss. Eu. F. Haplolepidae, Haplolepis Pyri- 
tocephalits Penn. Eu. NA., Phanerorhynchus Penn. Eu. F. Elonichthyidae, Elo- 
nichthys ?U. Dev., Miss.-U. Perm. Eu., Miss.-Penn. NA., Perm. SA. SAf., L. 
Perm. Gr. U. Perm. Aus., Drydenius Miss. Eu., Gonatodus Miss. NA., Miss.- 
Penn. Eu., ?Rhabdolepis L. Perm. Eu., Ganolcpis .f*Perm. NAs. F. Palaeoniscidae, 
Progyrolepis l*enn. Eu., PalaeonUcvs U. Perm., Yh. Trias. Eu., Glaucolepu [Ptero- 
nisculus] L. Trias. Mad. Gr. Spitz., ? AgccephalicMhys M. Trias. Aus., Oyrolepis 
M.~U. Trias. Eu., Cosmolepis [Oxygnathus] L. Jur. Eu. F. Pygopteridae, Cos- 
moptychius Nematoptychins Miss. Eu., PygoptentJi U. Perm. Eu. Gr., L. Trias. 
Eu. Af. Spitz. F. Acrolepidae, Watsonichtliys Miss. Eu., Reticulolepw Miss.-U. 
Perm. Eu., Acrolepin Miss.-U. Perm. Eu., L. Perm. NA. NAs. U. Perm. EAf., 
Acropholis Plegniolepis L. Perm. (*r., Acrorhahdm L. Trias. Spitz. Gr., ?IIyllin-‘ 
gca U. Trias. Eu. F. Amblypteridae, 'tCommcntrya [Cosmopoma Dipteropoma 
Elcweria\ ?Paramblypterus U. Penn. Eu., Amhlypterus L.-U. Perm. Eu., ?L. 
l^erm. NA. .^^As., Amblypterina U. Perm. Eu. F. Aeduellidae, Aeduella fWestoUia 
[Ijepidopleni6‘] L. Perm. Eu. F. Crypbiolepidae, Cryphiolejm Miss. Eu. F. Scani- 
lepidaC) Scanilepis U. IVias Eu. Spitz. F. Coccolepidae, Coccolcpis L. Jur.-L. 
Cret. Eu., M. Jur. NAs., Jur. Aus., Pakieotiisckmotus Jur. NAs. F. Dicellopygidae, 
?Brachydegma L. Perm. NA., Diccllopyge L. Trias SAf., ? Ancurolepis [ Urolepis] 
M.-U. Trias. Eu. F. Birgeriidae, Rirgariu [X(me{tt€s] L.~U. Trias. Eu., L. Trias. 
Spitz. Gr. NA. F. Holuridaet Tlolurus Miss. Eu. F. Tarrasiidae, Tarrasms Miss. 
Eu., ? Palaeophickthys Penn. NA. F. Boreolepidae, Boreolepis U. Perm. Gr. F. 
Trissolepidae, Trissolepis [Spkaerolepis] Penn. Eu. F. Tegeolepidae, Tegedepis 
\ Actinophmus] Miss. NA, F. Cocconiscidae, Cocconucns [Coccocephalvs] Penn. 
Eu. F. Comuboniscidae, Comuboniscm Penn. Eu. F. Styracopteridae, Rene- 
denichthys [Renedenius] Styracopterus [Fouldenia] Miss. Eu. F. Amphiceniridaei 
Cheirodopsis Proteurynoius Miss. Eu., Amphicentrum [Ckeirodus] Plectrolepis 
[Eurynotu.'f] Miss.-Penn. Eu. NA., Paraeurynoius L. Perm. NAs., EurynoUddes 
U. Perm. Eu., Glodulodus [Eurysomus] U. Perm. Eu. F. Platysomidae, Mesolepis 
Paramesokpis Wardichthys Miss. Eu., Platysomvs Miss.-U. Perm. Eu., ?L. Trias. 
Spitz. NA. F. Dorypteridae, Dorypterus U. Perm. Eu. F. Carbovelidae, Carhomles 
Miss. Eu., Gymnoniscus [Phanerosteon] Penn. Eu. 

Order Polypterini. F. Polypteiidae, R. Af., Polypterm Eoc.-R. Af. 

Order Acipbnsbroidei. F. Chondrosteidae, ?Psiltchihys Trias. Aus., Chondrostem 
Gyrostens L. Jur. Eu., Stickopferus Jur. As. F, Acipenseridae, R. Eu. As. NA„ 
Acipemer ?U. Cret., Eoc.-R. NA., Eoc.-R. Eu., R. As. F. Polyodontidae, R. NA. 
EAs., Pkolidurus U. Cret. Eu., Crossopholis Eoc. NA. 

Order Subholostbi. F. Dictyopygidae (Catopteridae), Atopccephala Daedalichthys 
Helichthys L. Trias. SAf., Uschnolepie ?L. Trias. Af., Rrookvalia L.~M. Trias. 
Aus., Beaconia Dictyopleuriokthys Geitonichthys Molyhdichthys Phlyctaenichthys 
Sifkimrichthys M. Trias. Aus., Dictyopyge U. Trias Eu. NA. ?Aus., Redfieldkt 



580 


VERTEBRATE PALEONTOLOGY 


[Catopierm] U. Trias. NA. F. Perleididae, Chrotichthys Tripelta Zevchthiscus L. 
Trias Aus., Pristisomus L. Trias. Aus. Mad., Meidiichthys L. Trias. SAf., Perlei- 
dus L. Trias. Spitz. Gr. Mad., M.-U. Trias. Eu., Dolhpterus ?L. Trias. NA., M. 
Trias. Eu., Aaterodon Crenilepis Nephrotus M. Trias. Eu., Manlietta Procheirich- 
thys M. Trias. Aus., Colohodus Meridensia M.-U. Trias. Eu., ?Gigantopterus U. 
Trias. Eu., ?ThoracopteriLa U. Trias. Eu., ?M. Trias. Aus. F. Platysiagidae, Platy- 
siagum M. Trias.-L. Jur. Eu. F. Cephalozemidae, Cephahxemvs M.-U. Trias. 
Eu. F. Peltopleuridae, ? Habroichthys Peltopleurus Placopleurus U. Trias. Eu. 
F. Luganoiidae LuganoiaM-V. Trias. Eu., Besania U. Trias. Eu. F. Aetheodont- 
idae, Aetheodontus M.-U. Trias. Eu. F. Ptycholepidae, Boreosomus [Diapho- 
rognathm] L. Trias. Mad. Gr. PSpitz., ?Leptogenichthys M. 'iVias. Aus., PtychoUpis 
U. Trias.-L. Jur. Eu., U. Trias. NA. F. Parasemionotidae, Parasemionotus WaU 
sonulus L. Trias. Mad. Gr., Tunguaichthys L. Trias. NAs., Brovghia Ilelmolepia 
Oapia L. Trias. Gr., Promecoaomina M.-U. Trias. Aus. F. Pholidopleuridae, 
Aiiatraloaom.ua L. Trias. Mad. Gr. SAf., Macroaethes M. Trias. Aus., Pholidopleu- 
rua M.-U. Trias. Eu., Arctoaomua Trias. NAs. F. Saurichthyidae, Saurichthya 
[Behnorhynchua] L. Trias. Spitz. Gr. Mad., L.-M. Trias. Aus., L. Trias.-L. Jur. 
Eu., Trias. NA., Acidorhynchua Gymnosaurwhtkya L. Jur. Eu. F. Cleithrolepidae, 
Cleithrolepia L. Trias. SAf., L.-U. Trias. Aus., U. Trias. Eu., Ilydropeaaum L. 
Trias. SAf., Wipieronotua U. Trias. Eu. F. Bobasatraniidae, Bohaaatrania L. 
Trias. Gr. Mad. Spitz., Ecrineaomua L. Trias. Mad. 

Palaeoniscoidea or Subholostei Incertae Sedis. AJdingeria Penn. Gr., Apateolepia 
M. Trias. Aus., Atheratonia U. Perm. Eu., L. Trias. SAf. Mad., Belichthys M. 
Trias. Aus., Broometta Trias. SAf., Caruichthya L. Trias. SAf., Centrolepis L. Jur. 
Eu., Diaichthya Perm. SAf., Elpiaopholia U. Trias. Aus., Evenkia L. Trias. NAs., 
Geomichthya Penn. Eu., GyroUpidotua ?Perm. NAs., Megapteriacua Mesembronia- 
cua M. Trias. Aus., Myriolepia L.-U. Trias. Aus., PPenn. Eu., Namaichthya L. 
Perm. SAf., Pelichthya Perm. SAf., Trachelacanthua L. Perm. Eu. 

Superorder Holostei 

Order Seaiionotoidea. F, Semionotidae, Acentrophorua U. Perm. Eu., Semionotua 
[lachypterua] L.-U. Trias. Eu., U. Trias. SAf. NA., Eoacmionoiua M. Trias. Eu., 
?Enigmatichlhya M. Trias. Aus., Paralepidotua Serrolepia M.-U. Trias. Eu., 
? Archaeoaemionotua Sargodon Woodthorpea U. Trias. Eu., Dapediua U. Trias.-L. 
Jur. Eu., L. Jur. As., Lepidotua [Lepidotea] U. Trias. SAf., U. Trias.-L. Cret., 
?U. Cret. Eu., U. Trias.-L. Cret. NA., L. Jur. Mad., Jur. EAs., L. Cret. SA., 
Sinoaemionotua M. Trias. EAs., Tetragonolepia L. Jur. Eu. As., Heterostrophua U. 
Jur. Eu. F. LepidosteidaCi Lepidoateua [Lepiaoaeua Claatea] U. Cret.-Mioc. Eu., 
U. Cret.-R. NA. Eoc. As. 

Order Pycnodontoidba. F. Pycnodontidae, Eomeaodon U. Trias.-L. Jur. Eu., Gyrodua 
M. Jur.-L. Cret. Eu., U. Jur. ?U. Cret. NA., Macromeaodon [Meaodan] M. Jur.- 
L. Cret. Eu., L. Cret. NA., Athrodon U. Jur.-L. Cret. Eu., Meaiurua U. Jur. Eu., 
Microdon U. Jur.-L. Cret. Eu., L. Cret. NA., Stemmatodva ?U. Jur. L. Cret. Eu., 
Coelodua U. Jur.-U. Cret. Eu., L.-U. Cret. NA., U. Cret. WAs. NAf. Mad., Ano- 
moadua L.-U. Cret. Eu. NA., U. Cret. NAf., Pycnodua L.-U. Cret. NA., L. Cret.- 
Eoc. Eu., Eoc. Af. As., Coccodua Tretoavaam [Xeru)pholia] U. Cret. WAs., Aero- 
temrvua Polygyrodua U. Cret. Eu., Pycnomicrodon U. Cret. NA., Palaeohaliatum 
U. Cret. As. SA., U. Cret-Eoc. Eu. 

Order Aspidorhtnchoidba. F. Aspidorbynchidae, Aapidorhyrudma U. Jur. £u., Belo- 
noaUmua U. Jur.-U. Cret. Eu., L, Cret. NA. As. Aus. SA., VimAifar L, Cret, SA. 
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Order Amioidea. F. Caturidae (Eugnathidae), AlhUpidotm Eoeugnathvs M.-U. Trias. 
Eu., ?Promecosomia M.-U. Trias. Aus., Brachichthys [Ueterolepidotvs] M. Trias.- 
L. Jur. Eu., Eugnathus [Fvro Isopholis] M. Trias.-U. Jur. Eu., Jur. As., Dandya 
[Spaniolepis] U. Trias. Eu., Caturus U. Trias.-L. Cret. Eu., Osteorhaehu L.-U. 
Jur. Eu., Ditaxiodus Eurycormus Strobilodus Thalattodus U. Jur. Eu., CaUopteriis 
U. Jur.-L. Cret. Eu., OiomiUa L. Cret. NA., Neorhombolepis L.-U. Cret. Eu., L. 
Cret. SA., Lophiostomus U. Cret. Eu. F. Amiidae, Liodesmus U. Jur. Eu., Urocles 
[Megalurm] U. Jur. Eu., L. Cret. SA., Amiopsis U. Jur.-L. Cret. Eu., ?Jur. NA., 
Opsigonias L. Cret. Eu., Sinamia L. Cret. As., Kindleria Platacodon U. Cret. NA., 
?Stylomyl€odon U. Cret.-Paleoc. NA., Protamia Paleoc. Eu., Paleoc.~Eoc. NA., 
Paramiatus Eoc. NA., Pappichthys Eoc. NA. As., Amia Paleoc.-Mioc. Eu., 
Eoc.-R. NA. F. Pachyconnidae, Hypsocormus U. Trias., M.-U. Jur. Eu., Euthy- 
notus Pachycormus Prosauropsis Saurostomus L. Jur. Eu., Sauropsis L.-U. Jur. 
Eu., Jur. NA., Asthenocormus ?Leedsichthya Orthocormua U. Jur. Eu., Eugna- 
thides Jur. NA., Protosphyraena [Erisiohthe Pelecopterus] U. Cret. Eu. NA. SA. 
NAf. F. Macrosemiidae, Ophiopsis M. Trias.-L. Cret. Eu., Legnonotus Wrthurus 
U. Trias. Eu., Enchelyopsis M. Jur. Eu., Histionotus Macrosemius M.-U. Trias. 
Eu., Eusemius U. Jur. NA., Uarbryichthys Jur. Aus., Propterus Notagogua U. 
Jur.-L. Cret. Eu., Aphanepygus L. Cret. Eu., Macrepistius L. Cret. NA., Peta- 
hpteryx L. Cret. Eu., U. Cret. WAs., ^Stromerwkthys U. Cret. NAf. 

Order Pholidophoroidea. F. Pholidophoridae, Prohalecites M.-U. Trias. Eu., Pholi- 
dophorus M. Trias.-U. Jur. Eu., U. Trias. Af., L. Jur. NA., U. Jur. As. SA., ?Mega- 
lopterm U. Trias. Eu., Pholidophoroidea L. Jur. Eu., Baleiichthya Jur. NAs., Cera- 
muTua Pholidophofriation U. Jur. Eu., Ichthyokentema U. Jur. Eu., Jur. NAs., 
Pleuropholia U. Jur.-L. Cret. Eu. F. Archaeomaenidae, Archaeomaene M. Trias.- 
Jur, Aus., Aetheolepia Aphnelepia Madariacua Jur, Aus. ¥• OUgoplexaidsie^ Oligo- 
pleurua Oeonoacopua U. Jur.-L. Cret. Eu., Calamoporua Cret. SA., Spathiurua U. 
Cret. WAs. 

Superorder Teleostei 
Order Isospondtli 

suborder clupeoidea. F. Leptolepidae, Leptokpia PTrias. L. Jur.-L. Cret. Eu., Jur. 
NA. Spitz. WAs., Jur.-L. Cret. SA., L. Cret. Af., Vidalamia Euryateihua Cteno- 
lepia U. Jur. Eu., Anaethalion [Aethalion] Thriaaopa Packythriaaopa U. Jur.-L. 
Cret. Eu., Luiaichthya Jur. Wind., Tharrhiaa Haploapondylua L. Cret. SA., Man- 
churkhthya L. Cret. As. F. Lycopteiidae, Lycoptera L. Cret. As., Neolycoptera 
Jur.-Cret. SA. F. Blopidae, R. Oc., Iliatialoaa Hypaoapondylua Hemielopopaia 
L. Cret. Eu., Rhacokpia Brannerion Calamopkurua ? Amedopogon L. Cret. SA., 
Flinderaichthya L. Cret. Aus., Ehpopais L.-U. Cret. Eu., Oameroidea [Hokokpia 
Rhahdklepia] U. Cret. Eu. As. NA., Spaniodon U. Cret. WAs. NA., Caeua Prote- 
lopa Dinelopa U. Cret. Eu,, Thriaaopater U. Cret. Eu. NA., Thriaaopteroidea U. 
Cret. Eu. WAs., Notelopa Enneka Ennelichthya U. Cret. SA., Pachyrhizodua U. 
Cret. Eu. NA., Helminthokjna Orkardinua U. Cret. NA., Ehpa U. Cret.-Eoc. 
Eu., U. Cret. SA. WAs., Mioc. NZ., R. Oc. Eaocehpa Eoc. Eu., Megalopa Eoc. 
Eu., ?Mioc. NA., R. Oc., Brouwerkt Mioc. EInd., Ectaaia Plioc. NA. F« Albulidae, 
R. Oc., Hajulia U. Cret. WAs., Chanoidea Eoc. Eu., Albula [Piaodm] Paleoc.- 
Eoc. Eu., Eoc. NA. Af., R. Oc., ParaibiUa Mioc. NA. F. Pterothiissidae, R. Oc., 
latkua U. Cret. Eu. WAs., Chkokpia Cret. NA., F Ancyloatyka Cret. Eu. F. Chiro- 
centridae, R. Oc., Saurocepkalua L.-U. Cret. Eu., U. Cret. NA. NAf., Chirocen- 
kika SpModactylua L. Cret. Eu., Chiromyahta fCladocycltta L. Cret SA., Sauro- 
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don U. Cret. Eu. NA. NAf., Andreioplctira U. Cret. Eu., Euhiodectes U. Cret. 
WAs., ? Anaedopogon IJ. Cret. SA., Propcyrthevs IJ. Cret. Af., Prymneten U. Cret. 
NA., Porthevs [Ilypsodon Xiphactinus] CJ. Cret. NA. Eu. WAs. Aus. NZ. NAf., 
Ichthyodectes [Gillicus] U. Cret. Eu. NA. ?Aus., Platinx Kexj. Eu., Chirocentrus 
?Tert. EInd., R. Oc. F. Chanidae, R. Oc., Prochanos L. Cret. Eu., Dastilhe L. 
Cret. SA., Parachanos L. Cret. Af., ? Ancyhstylos U. Cret. Eu., Chanos Eoc.-Mioc. 
Eu., R. Oe. F. Kneriidae Phractolaemidae Cromeriidae, R. Af. P. Clupeidae, R. 
Cos., CrossognatJms L. Cret. Eu., Mesoclupea L. Cret. EAs., Scombroclupea L. 
Cret. Eu., U. Cret. WAs. SA., Apsopelix Leptichthys Paleoclupea Pelycorapis 
U. Cret. NA., Ellimmichtkys U. Cret. SA., Ilistiothrissa U. Cret. Eu., Pseudo- 
beryx U. Cret. WAs., Syllaemus U. Cret. Eu. NA., Diplomystus [Copeichthys 
Ilistiurus] U. Cret. WAs. SA., Eoc. NA. Af. U. Cret.-Mioc. Eu., Clupea [Sahel- 
inia, Alosina] Eoc.-Pleist. Eu., Olig. SA., Mioc. NA. EInd., Plioc. NAf., R. 
Oc., Halecopsis Eoc. Eu., Knightia Eoc. NA., Neohalecopsis Olig. Eu., Melctta 
Melettina Olig. Eu., Alosa Olig.-Plioc. Eu., Plioc. NAf., R. Oc., Ganolytes [Dira- 
dicLs] Ganoessm Xyne Opisthonema Mioc. NA., Caspialosa Plioc.-R. WAs., Bre- 
voortia Plioc. NAf., R. Oc., Iquius Tert. EAs. F. Dussumieridae, R. Oc., Eutru- 
meus Olig. WAs., Mioc.-Plioc. Eu., Plioc. NAf., R. Oc., Etringus Mioc. NA., 
Spraielloides Plioc. NAf., R. Oc. F. Bathyclupeidae, R. Oc. F. Engraulidae, R. 
Oc., Engraulis Eoc.-Mioc. Eu., R. Oc. F. Alepocephalidae Macristiidae, R. Oc. 
F. Ctenothrissidae, Ctenothrissa U. Cret. Eu. WAs., Aulolcpis U. Cret. Eu. 
SUBORDER SALMONOIDEA. F. Salmonidae, R. Oc. Eu. As. NA., Cydokpis ?Leudehthyops 
U. Cret. NA., Thaumaturus Eoc.-Mioc. Eu., Salmo ?Mioc., I*lioc.-R. Eu., Pleist.- 
R. NA*., R. Oc., lihabdofario Plioc.-R. NA., Cristivomer Pleist.-R. NA., Coregonus 
Pleist.-R. Eu., R. NA. As., Oncorhynckus Pleist.-R. NA., R. Oc. F. Thymallidae, 
R. NA. Eu. As., Protothymallus Mioc. Eu. F. Plecoglossidae, R. As. F. Osmeridae, 
R. Oc., Osmerus Mioc. Eu., R. Oc., Mallotus Pleist. NA. Gr. Eu., R. Oc. F. Sa- 
langidae, R. As. F. Retropinnidae, R. Aus. F. Aplochitonidae, R. SA. Aus. F. 
Galaziidae, R. SA. Af. Aus. 

SUBORDER OPISTHOPROCTOIDBA. F. Argexitixiidae, R. Oc., Argentina Eoc. Eu., R. Oc. F. 
Bathylagidae, R. Oc., Bathylagus Mioc. NA., R. Oc., Azalois Ijygisma Stern- 
bergia Mioc. NA. F. Macropinuidae Microstomidae Opisthoproctidae Winteriidae 
Xenophthahniclithyidae, R. Oc. 

SUBORDER 08TB0GL0SS0IDEA. F. Osteoglossidac, R. SA. Af., ?Eurychir Cret. NA., Bry- 
chaetus Eoc. Eu. NAf., Phareodus [Dapedoglossus] Eoc. NA. Olig. Aus., Musperia 
L. Tert. EInd., Scleropages Tert.-R. EInd., R. Aus. F. Pantodontidae, R. Af. F. 
Plethodontidae, Plethodics U, Cret, Eu. NAf., Ananogmius [ Anogmius] U. Cret. 
NA. Eu., Paranogmius U. Cret. NAf., Thryptodus Pseudothryptodus Martinich- 
ihys Syntegmodus U. Cret. NA, F. Hiodontidae, R. NA. F. Notopteridae, R. Af. 
As. EInd., Notopterus L. Tert.-R. As. EInd., R. Af. F. Mormyridae Gynmarcbi- 
dae, R. Af. 

SUBORDER STOMIATOIDEA. F, Enchodoiitidae, Hake L.~U. Cret. Eu.* U. Cret. WAs., 
Saurorhampkus L. Cret. Eu„ Cimolichthys ?L. Cret. SA., U. Cret. Eu. NA. NAf,, 
Enehodus U. Cret. Eu. NA. WAs., U. Cret.-Eoc. NAf., Apateodtis U, Cret. Eu. 
NAf., Eurypholis Pantopholis U. Cret. WAs., Paheolycua Dipnokpis U. Cret. 
Eu., H<decodon ?Leptecodon U. Cret. NA., ?Prionokpis U. Cret. Eu. WAs. P. 
Tomogoathidae, Tomo,gnaikus U. Cret. Eu. F. Chaultodoiitidae, R. Oc., Chau- 
liodus Mioc. NA., R. Oc. F, Gonoatomidae, R. Oc., Cyclothone Mioc. NA., R. Qc. 
GonosUma Phcitutkthys Mioc. Eu., Plioc. NAf., R. Oc. F« E^eiQQOptycbidaei BL.# 
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Oc., Mrazecui Olig. Eu., Stemoptyx Olig. Eu., R. Oc., Argyropelccus Mioc. NAf. 
As., li. Oc. F. Stomiatidae Astronesthidae Melanostomidae Idiacanthidae, K. Oc. 

suBOttDEK GONORiiYNciioiDEA. F. Gonorhynchidac, R. Oc., Gonorhymhops IJ. Crct. Eu., 
Chariiosomus U. Cret. Eu. WAs., Notogoncus Eoc.-Olig. Eu., Eoc. NA., Olig. 
Aus., Plialacropholw Colpopholis Olig. Eu. 

Order Ostariophysi 

SUBORDER cYPRiNoiDEA. F. Characuiidae, R. NA. SA. Af., ? Erythrinolepis Cret. NA., 
Procharaciniis Prohydrocyon Eoc. Eu., Eobrycon Lignobrycon Tert. SA., Chara- 
cilepis Mioc. SA., Alestes Tert.--R. Af. F. Gasteropelecidae Xiphostomidae Ano- 
stomidae Hemiodontidae Gynmotidae Electrophoridae Rhamphichthyidae Stem- 
archidae, R. SA., Citharinidae) R. Af. F. Catostomidae, R. EAs. NA. SA., Co- 
tostomus Eoc.-R. As., Pleist.-R. NA., Amyzon Catostomites Mioc. NA., Chas- 
mistes Pleist.-R. NA. F. Cobitidae, R. Eu. As. NAf. F. Homalopteridae, R. As. 
F. Cyprinidae) R. Eu. As. Af. NA., Blicca Paleoc.-R. Eu., Chela Eoc. Eu., R. As. 
EInd., Barbus Olig.-R. Eu., Mioc.-R. Af. As., U. Tert.-R. EInd., Hemitrichas 
Olig. Eu., Lemlscus Olig.-R. Eu., Mioc.~R. NA. As., R. Af., Tinea Olig.-R. Eu., 
Nemachilus Olig.-R. Eu., R. Af. As., Scardinus Olig.-R. Eu., Paraleuciscus S(yri- 
cidens Mioc. Eu., Rhodeus Aspius Mioc.-R. Eu., Alburnus Mioc.-R. Eu., Plioc. 
WAs., Cyprinus Mioc.-R. Eu., Flioc.-R. As., Gobio Mioc.-R. Eu., R. As., Cobitis 
Mioc.-'R. Eu., Pleist.-R. NA., R. As. Pseudorasbora Mioc.-R. As., Carassiua 
Plioc.-R. As., R. Eu., Ilypophthalmwhthys Plioc.-R. EAs., Rasbora Osteochilus 
Puntius L. Tert.-R. EInd., Eocyprinus L. Tert. EInd., Daunichthys Ilexapsepkua 
Tert. EInd., Thynnichthys Amblypharyngodon Tert.-R. EInd., Varicorhinus U. 
Tert.-R. As., R. Af., Diastichus Aphelichthys Alisodon Pleist. NA., Siphateles 
Noiropis Ptychocheilus Mylopharodon Pleist.-R. NA., Ctenopkaryngodon Plioc.- 
R. As. 

SUBORDER siLURoiDEA. F. Diplomystidae, R. SA. F. Ariidae, R. SA. Af. EInd. Oc., 
Rhineastes Eoc.-01ig. NA., Eoc.-R. As., Felichthys Mioc.-R. NA. F. Doradidae^ 
R. SA. F. Plotosidae, R. EInd. F. Siluridae, R. Eu. As., Silurus Eoc.-R. Eu., R. 
As. F. Ameiuridae, R. NA., Ameiurus Olig.-R. NA. F. Bagridae, R. As. Af. EInd. 
Bucklandium Eoc. Eu., Nigerium Eaglcsomia Eoc. Af., Fajumia Socnopaea Eoc. 
NAf., Macrones [Macronoides] Eoc. Af., R. As., Aoria Tert.-R. EInd., Rita Ma^- 
cronichthys Heterobagrus Plioc.-R. As., Bagrus Pleist.-R. Af. F, Amblycipitidaei 
R. As. F. Sisoridae, R. As., Bagarius Plioc.~R. As., Tert. EInd. F. Amphiliidae, 
R. Af. F. Chacidae R. As. F. Schilbeidae, R. Af. As. EInd., Pangasius L. Tert.- 
R. As., Pseudeutropius Tert.-R. EInd. F. Clariidae, R. As. Af., Clarias Plioc.-R. 
As. Af. F. Mochocidae (Synodontidae), R. Af., Synodontis Mioc. Eu., Plioc.-R. 
Af. F. Malapteruridae, R. Af. F. Helogenidae Hypophthalmidae, R. SA. F. Pime- 
lodidae, R. SA., Pimelodua Tert.-R. SA., ?Eoc. Af. F. Trichomycteridae Btuio- 
cephalidae Lozicariidae, R, SA. F. CalHchthyidae, R. SA., Corydoras U. Tert.- 
R.SA. 

Order Apodbs. F. Anguillavidae, Anguillavus U. Cret. WAs. ?NA. F. Urenchelyidae, 
Urenchelys U. Cret, Eu. WAs. F. Derichthyidae, R. Oc., F. AnguiUidae, R. Oc. 
Eu. NAf. NA. EAs. EInd., Anguilla ?Eoc. Eu., R. Eu. NAf. NA. As. Oc., Masty^ 
goeercus Mioc. EInd. F. Bunenchelyidae Synaphobranchidae Ryophidae Dysom- 
midae Xenocoagridae Myrocongridae, R. Oc. F. Muraenesocidae, R. Oc., Mu- 
raenesox Eoc. Eu., R. Oc. F. Congridae, R. Oc., Congermuraena Eoc. Eu., R. Oc., 
Utoemger Eoc. Eu., R. Oc., Conger Eoc. Eu., Mioc. NZ., R. Oc. F.^Wettastomidae, 
R. Oc., Neitasioma ?Eoc. Eu*, R* Oc. F. Nessorhamphidae Heterocongridae, R. 
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Oc. F. Echelidae (Myridae), R. Oc., Eomyriis Paranguilla Rhynchofhinm Eoc. 
Eu„ Mylomyrns Ecx*. NAf., Myrus Eoc. Eu., R. Oc. F. Nemichthyidae, R. Oc., 
Nemichthyti Eo(‘. Olig. WAs., R. Oc. F. Cyemidae, R. Oc. F. Ophichthyidae, R. 
Oc., Ophichthya Eoc. Eu., R. Oc., Sphagebranchm Mioc. Eu., R. Oc. F. Neenchelyi- 
dae Moringuidae Heterenchelyidae, R. Oc. F. Muraenidae, R. Oc., Weprandus 
Mioc. NA., Muraena Rlioc. NAf., R. Oc. 

Order Heteromi. F. Notacanthidae, R. Oc., Pronotacanthus U. Cret. WAs., Olig. Eu. 
F. Halosauridae, R. Oc., Echidnocephalm U. Cret. Eu. ?NA., Enchelurus U. Cret. 
Eu. WAs., Ijaytonia ?Cret. Mioc. NA., Halosaurus Mioc. NA., R. Oc. F. Lipo- 
genyidae, R. Oc., i^F. Dercetidae, Dercetis PelargorhynchvslJ. Cret. Eu., fPrionol- 
epis U. Cret. Eu. WAs., BentJiesihyme [LeptotrajcJielus] U. Cret. Eu. WAs. NA., 
Stratodus U. Cret. NA., ?Palimphemus Mioc. Eu. ?F. Blochiidae, R. Oc., Cylin- 
dracanthm [Coelorhynchus Glypt(yrhync}ms] U. Cret.--Olig. Eu., U. Cret. WAs., 
Eoc. Af. As. NA. 

Order Mesichtiiys 

suborder haplomi. F. Esocidae, R, Eu. NAs. NA., Esox Olig.-R. Eu., Tert.-R. As., 
R. NA. F. Palaesocidae, Palaesox Eoc. Eu. F. Umbridae, R. Eu. NA. F. Dalliidae, 
R. EAs. NA. 

SUBORDER iNiOMi (suoPELOiDs). F. Chelrothricidae, Cheirothrix Telepholis U. Cret. Eu. 
WAs., Exocoetoides U. Cret. WAs. F. Aulopidae, R. Oc., Sardinioides U. Cret. 
Eu. WAs. F. Synodontidae, R. Oc., Synodus Mioc. Eu., Plioc. NAf., R. Oc. F. 
Cetomimidae Scopelarcbidae, R. Oc. F. Sudidae, R. Oc., Svdu Mioc.-Plioc. Eu., 
Mioc. NAf., R. Oc., Paralcpis l*lioc. Eu. NAf., R. Oc. F. Myctophidae (Scopeli- 
dae), R. Oc., Nematonotus Opisihopicryx Ilakelia U. Cret. WAs., Ichthyotringa 
[Rhinellm] U. Cret. WAs. Eu. NA., Ilemisaurida Dactylopogon Tachynectes U. 
Cret. Eu., Scndhorstia [Microcoelia] Cassandra [Leptosomus] Acrognathus U. 
Cret. WAs. Eu., Sardinius U. Cret. Eu. NA., Omiodon Holostens Eoc. Eu., Mycto- 
phnm [Scopelus] Eoc.-Plioc. Eu., Mioc. NZ., Plioc. NAf., R. Oc., Scopeloides Olig. 
Eu., Parascopelus Mioc. Eu., Lampanyctus Mioc. NA., Mioc.-Plioc. Eu., R. Oc., 
Palimphemus Mioc. Eu. F. Omosudidae Alepisauridae Ateleopodidae Sacco- 
pharyngidae Euiypharyngidae, R, Oc. 

SUBORDER MicRocypRiNi. F. Cyprinodoxitidae, R. Eu. Gr. Af. NA. SA., Prokbias [Isme- 
nf’\ Olig.-Mioc. Eu., Proballosiomus Olig. NA., Haplochilm Olig.-R. Eu., Cypri- 
nodon L. Tert. SA., R. NA. As. Eu. NAf., Carrionellus L. Tert. SA., Brachylehias 
Mioc. WAs., Pouchylehias Mioc. Eu., Parafundulus Mioc. NA., Funduhis Mioc.- 
R. Eu„ Plioc.-R. NA., R. SA. As. Af., Lithopo^cilus Tert. Elnd. F. Poecilidae, R. 
NA. SA. F. Goodeidae Amblyopsidae, R. NA. F. Jenynsiidae Anablepidae, R 
SA. F. Phallostethidae, R. As. F. Adrianichthyidae, R. Elnd. 

SUBORDER sYNENTOGNATHi. F. Beloiiidae, R. Oc., Belone Eoc.-Mioc. Eu., Mioc. NAf., 
R. Oc. F. Scomberesocidae, R. Oc., Scomberesox Mioc. Eu. NA., Plioc. NAf., R. 
Oc. F. Hemirhamphidae, R. Oc., Cobitopsis ?U. Cret. WAs., Olig. Eu., Hemi- 
rhamphus Eoc. Eu., R. Oc., Evleptorhamphns [Beliion] Derrhias Mioc. NA., R. 
Oc., Rogenites Zelosus Mioc. NA. F. Ezocoetidae, R. Oc. F. Forficiidae, Forfex 
Zelotichthys Mioc. NA. 

SUBORDER THORAcosTEi. F. Gasterostcidae, R. Eu. As. NAf. NA., Gasterosteops U. 
Tert. As. Af., Gasterosteua Mioc.“R. NA., R. Eu. Af. As. F, Aulorhynchidae, R. 
Oc., Protauhpsis Eoc. Eu., Aylorhynchus Tert. Elnd., R. Oc., Protosyngnathus 
Tert. Elnd. F. Macrorhamphosidae, R. Oc. F. Centriscidaei R. Oc., ?Atdorham- 
phus [ Amphisyle] Olig. £u.» R. Oc., Centrisem PPlioc. £u., R. Oc. F. Aulostomi- 
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dae, R. Oc., Urospken Eoc. Eu., Aulostoma Eoc. -Olig. Eu., R. Oc. F. Fistulari- 
idae, R. Oc., Fisiularia Olig.-Plioc. Eu., R. Oc. F. Solenostomidae, R. Oc., So- 
lenorhynchuSf Solenostomus Eoc. Eu., R. Oc., SiphonosUma Mioc. Eu., R. Oc. F. 
Syngnathidae, R. Oc., Calamostoma Pseudosyngnathm Eoc. Eu., Syngnathvif 
Mioc. NA., Plioc. NAf., R. Oc. ?F. Pegasidae, R. Oc. .^'F. Indostomidae, R. As. 

SUBORDER SALMOPERCAE. F. Aphieoderidae) R. NA., Erismatopterus Amphiplaga Asl- 
neops Eoc. NA., Trichophancs Mioc. NA. F. Percopsidae, R. NA. 

Order Acantiiopterygii 

SUBORDER BERYCOIDEA. F. Polymiziidae) R. Oc., Pycnostermx Pycnosteroklcs Omosoma 
U. Cret. WAs., Platycormus U. Cret. Eu., Polymixia Eoc. Eu., R. Oc. F. Bery- 
copsidae, Berycopsh IJ. Cret. Eu. F. Berycidae, R. Oc., Jlophpleryx Kamius U. 
Cret. Eu. NA., Bcryx Eoc. Eu., Olig. WAs., R. Oc., AJricentrum [Micrncentrwn] 
Mioc. Eu., Plioc. NAf., R. Oc. F. Diretmidae Anomalopidae, R. Oc. F. Monocentri- 
dae, R. Oc., Monocentrkf Eoc. Eu. A us., R. Oc. F. Trachichthyidae, R. Oc., Aero- 
gaster Aipichthys U. Cret. Eu. WAs., Sphmoccjdmlus U. Cret. Eu. F. Holocentri- 
dae, R. Oc., IIomonoticMhys [IhnnonotuK] Caproheryx Trnchichthyoidcs TJ. Cret. 
Eu., Jfoloccntrum Eoc!.-Mioc. Eu., R. Oc., MyripriMw Eoc. OJig. Eu., R. Oc., 
Jloloerntroides Olig. Eu. F. Dinopterygidae, Dlnopivryx U. Cret. WAs. F. Carlsti- 
idae, R. Oc., Absahm/ichthya [Ahantin] ChalcidichthyH Mioc. NA. F. Stephano- 
berycidae ?Kurtidae Rondeletiidae, R. Oc. 

SUBORDER ZEOIDEA. F. Palaeoceiitrotidae, Palaeoccntrotus Palcoc. Eu. F. Zeidae, R. Oc., 
Cyttoides Olig. Eu., Zeus Olig. -Plioc. Eu., PPlioc. NAf. F. Grammicolepidae, R. 
Oc. F, Caproidae, R. Oc., Capras [Proantigonia] Olig.-Mioc. Ku., Plioc. NAf., 
R. Oc. 

SUBORDER PEKCoiDEA. F. Pcrcidae, R. Eu. As. NA., Authracopcrca Eoc. Eu., Mioplosus 
Eoc. NA., Perea Eoc.-R. Eu., R. N.4., Propercarha Podocys PachygaMcr Olig. 
Eu,, Eoperca Olig. NA., Percichthys Tert.-R. SA., huciopcrca Pleist.--R. Eu. F. 
Apogonidae, R. Oc., Apogon Eoc.-Mioc. Eu., R, Oc., Apogonohics Plioc. NAf., 
R. Oc. F. Scombropidae Acropomatidae, R. Oc. F. Centrarchidae, R. NA., Cent- 
rarchites Eoc. NA., ^Parapygaeus Eoc. Eu., Oligoplarehvs Olig. NA., Mioplarckv^ 
Boreocentrarchus Mioc. NA., Micropterus Mioc.-R. NA., Chaennbryttus Pomoxis 
Plioc.-R. NA., Catosiomites Tert.-R. NA,, Ijcpomb Pleist.-R. NA. F. Kuhliidae, 
R. Oc. As. EInd. F. Centropomidae, R. Oc., Prolaies U. Cret.-Paleoc. Eu., Centro- 
pomus Eoc.-R. Eu., R. NA., Bates Eoc.-R. NAf., Eoc. Eu., R. As. Aus., Platy- 
lates Paralates Olig, Eu. F. Serranidae, R. Cos., Properca Eoc.-Mioc. Eu., Am- 
phiperca Serranus Eoc.-Mioc. Eu., Plioc. NAf., R. Oc., Lahrax Eoc.-Plioc. Eu., 
R. Oc., Smerdis Eoc.-Mioc. Eu., ?Eoc. NAf., Cyclopoma Eoc. Eu., Percilia Eoc. 
Eu., R. SA., Percolates 01ig.~R. Aus., Acanus Olig. Eu., Niphon Olig. Eu., R. 
Oc., Emmachaere Prota?ithias Mioc. NA., Epinephelus Mioc. NA., Plioc. NAf., 
R. Oc., Anthias Mioc. Eu., R. Oc., Eoserranus Tert. As. F. Priacanthidae, R. 
Oc., Pristigenys Eoc. Eu., Priacanthus Olig. Eu., R. Oc. F. Plesiophidae Acan- 
thoclinidae Pseudoplesiopidae Pempheridae Lobotidae Glaucosomidae Arripidae, 
R. Oc. F. Lutianidae, R. Oc., Lutiamis ?Eoc. Eu., Olig. NA., R. Oc. F. Poma- 
dasyidae (Pristipomidae), R. Oc., Pomadasys Eoc. NAf., R. Oc., Orihopristis 
Parapristopoma Plioc. NAf., R. Oc. F. Therapomidae Banjosidae Lethrinidae 
Neolethrinidae, R. Oc. F. Sparidae, R. Oc., Chrysophrys Paleoc.-Mioc. Eu., R. 
Oc., Pagellus Paleoc.-Mioc. Eu., Olig.-Mioc. NZ., Plioc. NAf., R. Oc., Deniex 
Eoc.-Plioc. Eu., Mioc. NZ., Plioc. NAf., R. Oc., Sparnodm Eoc.-Mioc. Eu., 
Diplodwt Crenidens Plioc. NAf., R. Oc., Smaris Spondyliosoma [Cantharm] Eoc. 
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Eu., R. Oc., Pagrus Eoc.-PHoc. Eu., Plioc. NAf., R. Oc., Cienodentex Eoc. Eu. 
NAf., Eoc.-Plioc. Eu., ?Eoc., Mioc. NAf., R. Oc., Uhythmias ICrommyodua 
Plectrites Mioc. NA., Sparus Mioc.-Plioc. Eu., Plioc. NAf., R. Oc., Paracalamus 
Plioc. NAf. F. GirelUdae, R. Oc., Box Mioc. Eu., Plioc. NAf.. R. Oc. F. Enoplosi- 
dae, R. Oc., Enophsm Eoc. Eu., R. Oc. F. Cyphosidae Histiopteridae Ihenniidae, 
R. Oc. F. Maenidae, R. Oc., Maena Plioc. NAf., R. Oc. F. Emmelichthyidae 
Hoplegnathidae Mullidae, R. Oc. F. Sciaeuidae (Otolithidae), R. Oc., Otolithus 
E(X’. Eu., R. Oc., Dmplnjodus Eoc. Eu., Bciaena Olig.-Mioc. Eu., Olig. NA., R. 
Oc., Pogonias Mioc.-Pleist. NA., R. Oc., Jjompnquia Mioc. NA., Cynoscion Mioc. 
NA., R. Oc., Umhrina Plioc. Eu., R. Oc. F. Sillaginidae Nandidae Polycentridae 
Malacanthidae Labracoglossidae, R. Oc. F. Latilidae R. Oc., Pateroperca U. Cret. 
WAs., iMtiluft Plioc. NAf., R. Oc. F. Cepolidae, R. Oc., Ccpola Eoc. Eu., Plioc. 
NAf., R. Oc. F. Cirrhitidae Chironemidae Haplodactylidae Latridae, R. Oc. F. 
Gadopsidae, R. Aus. F. Embiotocidae, R. Oc., Ditrema Eoc. Eu., R. Oc., Eriquius 
Mioc. NA. F. Pomacentridae, R. Oc., Priscacara Cocherellites Eoc. NA., Odonteus 
E(X!. Eu., Izuas Mioc*. EAs. F. Cichlidae, R. CA. SA. Wind. Af. SAs., Macracara 
Eoc. SA., Palaeocfiromia "J'ert. NAf., Chrornis Mioc.-R. Af., Cichlasoma Mioc. 
Wind., R. S.\., Acara 'J ert.-R. SA., Tilapia Tert. -R. Af., R. WAs. F. Scaridae, 
R. Oc., Scania | Callyodmi] Eoc. Eu., Mioc. SAs., R. Oc., Pacudoscarus Eoc. Eu., 
R. NA. SA. As., Taiirinichthya Mioc. Eu., Scaroklcs Tcrt. CA. F. Odacidae, R. 
Aus. NZ. F. Labridae, R. Oc„ Phyllodus U. Cret.-Eoc. NA., Eoc. NAf., Eoc.- 
Mioc. Eu., Labrodon Eoc. Af. NZ., Eoc.-Plioc. Eu., Mioc. As. NA., R. Oc., Eger- 
Ionia Platylaemns Eoc. Eu. NAf., Paeudosphacrodon (rdlidia Eolahroides Eoc. 
Eu., Eoc.-Plioc. Eu., R. Oc., ?Cromm/yodus ProtautogaMioc.'NA.y Stylodus 

Mioc. Eu., Julia Mioc. Eu., R. Oc., Crcnilahrus Plioc. NAf., Tert. Eu., R. Oc. 
suBoiiDEH cAiiANooiDEA. F. Bramidae, R. Oc., Protobrama U. Cret. WAs. F. Coryphaeni- 
dae Steinegeriidae Pteraclidae StromateidaeTetragonuridae Icosteidae Fonnion- 
idae, R. Oc. F. Nomeidae, R. Oc., Carangodcs Eoc. Eu. F. Carangidae, R. Oc., 
Aipichthys Cret. Eu., U. Cret. WAs., Teratichthys Carangopsis Ductor Vomerop- 
sis Eoc. Eu., Acanthonemua ICoc.-Olig. Eu., Trachurus Eoc. Eu., Plioc. NAf., R. 
Oc., Scriola Eoc.-Olig. Eu., Mioc. NA., Plioc. NAf., R. Oc., Caranx [Parequula] 
Eoc.-I’lioc. Eu., Plioc. NAf., Pleist. NA., R. Oc., Archaeus Olig. Eu., Idchia 
Olig.-Pleist. Eu., R. Oc., Lompochites Mioc. NA., Pseudovomer Mioc. Eu., De- 
capterus Mioc. NA., Plioc. NAf., R. Oc., Equula Vomer Trachinotus Tert. Eu., 
R. Oc. F. loscionidae, R. Oc., loscion Mioc. NA., R. Oc. F. Nematistiidae, R. Oc. 
F. Menidae, R, Oc., Mene [Gasteracanthus] Eoc. Eu., Plioc. NAf. Wind., R. Oc. 
F. Pomatomidae, R. Oc., Lophar Pseudoseriola Mioc. NA. F. Rachycentridae 
Lactariidae Liognathidae, R. Oc. 

suBORDEii scoMBBOiDEA. F. Scombildae, R. Oc., Xiphopterm Scombrinus Eocoelopoma 
Ardiodus Eoc. Eu., Spkyraenodus Eoc. Af., Eoc.-Mioc. Eu., Scombramphodon 
Eoc.-Olig, Eu., Gymnosarda Eoc.-Olig. Eu., R. Oc., Cybium Eoc.-Mioc. Eu., 
Olig. SA. WAs., R. Oc., Avxis Eoc.-Mioc. Eu., R. Oc., Scomber Eoc.-Plioc, Eu., 
Mioc. NA., Plioc, NAf., Tert. EAs., R. Oc., Palimphyes Pcdaeosccmber Megalo- 
lepis Olig. Eu„ Isuridhtkys Olig. Eu. WAs., Neocybium Olig.-Mioc. Eu., Ster^us 
Mioc. Eu., Pneumatophorus Mioc. Eu. NA., Plioc. NAf., R. Oc., Ocystias Mioc. 
NA. F. Thunnidae, R. Oc., Sarda ( Pelamys] Paleoc.-Ew. Eu., Plioc. NAf., R. 
Oc., Eothynnus Eoc. Eu., Plioc. NAf., R. Oc., Thunnus Eoc.-Pleist. Eu., Mioc. 
NA. Af., Ozymandias Mioc. NA. F, Palaeorhyuchidae, Homorhyrvohua [Heieimhyn- 
Eoc.-Olig. Eu., Pakteorhyruchm Eoc.-Mioc. Eu., Olig. WAs. F. 
dae^ R. Oc., Hiaiiophorw U. Cret.-Mioc. NA,, Eoc.-Plioc. Eu., R. Oc., Tebttptu- 
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ru8 Eoc. Eu., R. Oc. F. XiphJidae, R. Oc., Acestrus Eoc. Eu., Xiphias Eoc.-Olig. 
Eu., Pleist. NA., R. Oc. F. Xiphiorhynchidae, Xiphiorhynchus [OmmatoUimpes] 
Eoc. Eu., Eoc.-Plioc. NAf. F. Luvaridae, R. Oc. F. Trichiuridae, R. Oc., Trichiu- 
rides Paleoc.-Mioc. Eu., Eoc. Af., Lepidopus Olig. SA., Olig.-Plioc. Eu., Plioc. 
NAf., Trwhiurus Eoc. Af., Pleist. NA., R. Oc. F. Gempylidae, R. Oc., Bathysoma 
U. Cret. Eu., Eothyrsites Olig. NZ., Thyrsitocephalus Olig. Eu., Gempylus Olig. 
WAs., R. Oc., Thyrsites Mioc. NA., R. Oc., Uemithyrsites Plioc. Eu. F. Euzaphleg- 
idae, Euzaphleges [Zaphleges] Thyrsocles Zaphlegulus Mioc. NA. 

SUBORDBB TRACHiNoiDEA. F. Tfachiiiidae, R. Oc., Callipteryx Eoc. Eu., Trackinus Eoc.- 
Mioc. Eu., R. Oc., Trachinopsis Plioc. Eu. F. Nototheniidae Bathydraconidae 
Channichthyidae) R. Oc. F. Bovichthyidae, R. Oc. Aus. F. Draconettidae, R. Oc. 
F. Callionymidae, R. Oc., Callionymus Mioc. Eu., R. Oc. F. Percophididae Mugil- 
oididae Bembropsidae Hemerocoetidae Creediidae Limnichthyidae Trichonoti- 
dae Oxudercidae Bathymasteridae, R. Oc. F. Chimarrhichthyidae R. NZ. F. 
Zaproridae, R. Oc., Araeosteus Mioc. NA. F. Chiasmodontidae Opisthognathidae 
Owstoniidae Champsodontidae, R. Oc. F. XJranoscopidae, R. Oc., Uranoscopus 
Eoc. Eu., R. Oc. F. Leptoscopidae, R. Oc., Ncopcrcis Plioc. NAf., R. Oc. F. Dac- 
tyloscopidae Trichodontidae R. Oc. 

SUBORDER BLENNioiDEA. F. CHiiidae, R. Oc., Picrygoccphalm Eoc. Eu., Clinus Mioc. 
Eu., Plioc. NAf., R. Oc. F. Notograptidae Peronedyidae Ophioclinidae, R. Oc. 
F. Blenniidae, R. Cos., Oncolepis Eoc. Eu., Problennius Eoc. WAs., Blennius 
Mioc. Eu., R. Oc., Tripterygwn Plioc. NAf., R. Oc. F. Pholidae Xiphisteridae, R. 
Oc. F. Stichaeidae, R. Oc., Stichaetis Tert. EAs., R. Oc. F. Lumpenidae Ptilich- 
thyidae, R. Oc. F. Anarhichadidae, R. Oc., Anarhichas I^lioc. Eu., R. Oc. F. Xeno- 
cephalidae Congrogadidae Scytalinidae Zoarcidae Lycodapodidae Derepodich- 
thyidae, R. Oc. F. Ophidiidae, R. Oc., Ophidhim FPalcoc. Eoc.-Mioc. Eu., R. Oc. 
F. Brotulidae, R. Oc., Brotula .’Mioc. Eu., R. Oc. F. Fierasferidae, R. Oc., Vieras- 
fer Olig.-Mioc. NZ., R. Oc. 

SUBORDER ANACANTHiNi. F. Macrouroididae, R. Oc. F. Macrouridae, R. Oc., Macrourus 
Eoc.-Mioc. Eu., Mioc. NA. NZ., R. Oc., Bolhocara Mioc. NA., Trichiurichthys 
Mioc.-Plioc. Eu. F. Bregmacerotidae, R. Oc., Bregmaccros Eoc.-Plioc. Eu., 
?Eoc. NZ., Olig, WAs., Plioc. NAf., R. Oc. F. Gadidae, R. Oc., Gadm Paleoc.- 
Pleist. Eu., R. Oc., Merluccius Eoc.-Mioc. Eu., Mioc. NZ., R. Oc., Phycis Neo- 
hythites Eoc. Eu., R. Oc., Palaeogadvs [Nemopteryx] Olig. Eu., Brosmius Olig.- 
Plioc. Eu., Plioc. NAf., R. Oc., Eclipes Mioc. NA., Onobrosmius Mioc. WAs., 
Physiculus Mioc. NZ., R. Oc., Lota Plioc.-R. Eu., R. As. NA., AmoldUes Plioc. 
NA. F. Muraenolepidae, R. Oc. 

SUBORDER CHABTODONTOIDEA. F. ScoTpidae, R. Oc. F. Amphistiidae, Amphistium [Mac- 
rostoma] Eoc.-Olig. Eu. F. Ephippidae, R. Oc., Ephippus Eoc. Eu., Pleist. NA., 
R. Oc., Platax Eoc.-Plioc. Eu., Plioc. NA., R. Oc., Semiophorus [Exellia] Eoc. 
Eu., Ephippiles Olig. Eu. F. Drepanidae, R. Oc. F. Toxotidae, R. Oc. EInd., 
Toxotes L. Tert.-R. EInd. F. Scatophagidae, R. Oc. Scatophagy^ Eoc.-Mioc. Eu., 
R. Oc! F. Chaetodontidae, R. Oc. Uolacanthus Eoc.-Mioc. Eu., R. Oc., Chaetodon 
Olig.-Mioc. Eu., Plioc. NAf., R. Oc., Chelmon Mioc. EInd., R. Oc. 

SUBORDER FLECTOGNATHI (bAUSTOIDEA) 

INFRAORDER TBUTinDoiDBA. F. Zanclidac, R. Oc., Zanclus Eoc. Eu., R. Oc. F. Acan- 
thuddae, R. Oc., ?Aulorfiamphus Eoc. Eu., Naseus Eoc. Eu., R. Oc., Acantiinrus 
Eoc.-Mioc. Eu., R. Oc,, Apostasis Olig.-Mioc. Eu., Zebrasoma Tert. Wind., R. 
Oc. F. Teuthidae (Stganidae), R. Oc., Pygaeus ?Parapygaetis Eoc. Eu,, Arckaeo- 
tavihis Olig. Bu. 
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INFRAOBDER scLBRODEBMi. F. EotrigonodoDtidae, Pharmacichthys U. Cret. WAs., 
Stephanodus U. Cret. Eu. NA. Af., Eotrigonodon Eoc. Eu. Af. F. Spinacanthidaei 
Spinacanthm [Protobaluitum] Eoc. Eu. F. Trigonodontidae, R. Oc., Trigonodon 
Eoc.-Plioc. Eu., Mioc. NZ., Plioc. NAf., R. Oc. F. Triacanthidae, R. Oc., Pna- 
canthvs Pristigenys [Pseudotriacantlnis] Eoc. NAf., R. Oc., Acanthopleurus Eoc.~ 
Olig. Eu. F. Balistidae, R. Oc., Acanthoderma Olig. Eu., Marosia Mioc. EInd., 
Balistes Plioc. NAf. EInd. Eu., R. Oc. F. Ostraciidae, R. Oc., Ostracion Eoc.- 
Olig. Eu., Tert.WInd., R. Oc. F. Triodontidae, R. Oc., Triodon Eoc. Eu. Af., R. 
Oc. F. Tetraodontidae, R. Oc., Tetraodon Eoc.-Plioc. Eu., R. Oc. F. Diodontidae, 
R. Oc., Diodon [Ckilomycterus] Eoc.-Plioc. Eu. NAf. As., Eoc.-Pleist. NA., R. 
Oc. F. MolidaCi R. Oc., Mola Plioc. Eu., Tert. SA., R. Oc. 

SUBORDER iiETERosoMATA. F. Psettodidac, R. Oc., Joleaudichthys Eoc. NAf. F. Bothidae, 
R. Oc., Eobothus Eoc. .^Olig. Eu., Eoc. As., Bothns Eoc. Eu., R. Oc., Rhombus 
Eoc.-Plioc. Eu., R. Oc., Citharichthys Olig. Eu., Plioc. NAf., R. Oc., Paralich- 
thys Mioc. NA., R. Oc., EveMhes Mioc. NA. F. Pleuronectidae, R. Oc., Hippo- 
glossoides Mioc. NA., R. Oc., Pleuronichthys Mioc. NA., Plioc. Eu., R. Oc., Pro- 
topsetta Tert. EAs., R. Oc. F. Soleidae, R. Oc., Solca Paleoc.-Mioc. Eu., Eoc.- 
Plioc. NAf., R. Oc., Turahbnglossiut EubuglosttUH Eoc. NAf., Microchirus Mioc. 
Eu., Plioc. NAf., R. Oc., Achiru.s Plioc. NAf., R. Oc. F. Cynoglossidae, R. Oc. 

SUBORDER scoRPAENoiDEA (scLEROPAREi). F. Scorpaenidae, R. Oc., Ampheristus Eoc. 
Eu., Scorp(U‘7ioides Eoc.-Olig. Eu., Sctrrpaena Olig.-Mioc. Eu., Mioc. NA., Plioc. 
NAf., R. Oc., Ctenopoma Scorpaenopterus Mioc. Eu., Sebastod-cs Mioc.-Plioc. 
NA., Tert. EAs., R. Oc. F. Congiopodidae, R. SA. Af. Aus. F. Aploactidae Synan- 
cejidae CaracanthidaePataecidae, R. Oc. F. Anoplopomidae, R. Oc., Aneoscorpius 
[EoscorjAus] Mioc. NA. F. Hexagrammidae, Achresiogrammus Mioc. NA. F. 
Hoplichthyidae Platycephalidae, R. Oc. F. Icelidae, R. Oc., Paraperca Olig. Eu. 
F. Cottidae, R. As. NA. Oc., Eocottus Eoc. Eu., Cottopsis Eoc. WAs., Coitus Eoc’.- 
R. As., Mioc. NZ., Pleist,-R. NA., R. Eu., Lepidocottus Olig.-Mioc. Eu., Liras- 
ceks Ilayia Mioc. NA. F, Psychrolutidae Ereuniidae, R. Oc. F. Cottocomephori- 
dae Comephoridae, R. As. F. Agonidae, R. Oc., Agonus Eoc. Eu., R. Oc. F. Cy- 
clopteridae, R. Oc. Cyclopterus Pleist. NA., R. Oc. F. Triglidae, R. Oc. Trigla 
Eoc.' 'Mioc. Eu., Plioc. NAf., Pleist. NA., R. Oc., Podoptcryx Mioc. Eu. F. Dac- 
tylopteridae, R. Oc. 

SUBORDER BATRACHoiDEA (haplodoci). F. Batrachoididae, R. Oc., Batrachoides Plioc. 
NAf., R. Oc. 

SUBORDER PEDicuLATi (lophioidea). F. Lophiidae, R. Oc., Lophius Plioc. NAf., R. Oc. 
F. Anteimariidae, R. Oc., Histionotopterus Eoc. Eu. F. Brachionichthyidae Chau- 
nacidae Ceratiidae Himantolophidae Melanocetidae Caulophxymdae Linophryni- 
dae Gigantactmidae Diceratiidae Oneirodidae Laevoceratiidae Neoceratiidae, 
R. Oc. 

SUBORDER GOBioiDEA. F. Eleotfidae, R. Oc. SA. F. Gobiidae, R. Cos., Gobiopsis Eoc. 
WAs., R. Oc., Oobius ?Eoc., Olig.-Plioc. Eu., Plioc. NAf., R. Oc. F. Peiiophthal- 
midae, R. Oc. 

SUBORDER ANABANToiDEA (labyrinthici). F. Aiiabantidae, R. Af., Osphrmemvs L. 
Tert. EInd., R. As. F. OpbiocepbaHdae, R. As. Af., Ophiocephalm Plioc.-R. As., 
R. Af. F. Luciocephalidae, R. EInd. 

SUBORDER MUGiLoioEA (pERCESocEs). F. Mugilidac, R. Oc., Mugil Eoc.-Plioc. Eu., 
Plioc. NAf., R. Oc. F. Sphyraenidae, R. Oc., Sphyraena Eoc.-Mioc. Eu., Eoc. Af., 
Mioc. EInd., Pleist. NA., !(. Oc. F. Atherinidae, R. NA. Aus. Oc., Rhomphog* 
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nathus Eoc. Eu., Atherina Eoc.-R. Eu., Mioc.-R. As., R. NA., Menidia PHoc.-R. 
NA. 

SUBORDER poLYNEMoiDEA. F. Polynemidae, R. Oc. 

SUBORDER AMMODYTOiDEA. F. Ammodytidae, R. Oc., Ammodyies Olig. Eu., R. Oc. ?F. 
Rhamphosidae, Uhamphosus Eoc. Eu. 

SUBORDER ECHENEOiDEA, F. Echeneidae, R. Oc., Echeneis Olig. Eu., R. Oc., OpiMhomy- 
zon Olig. Eu. 

SUBORDER xENOPTERYGii. F. Gobiesocidae, R. Oc., Bulbiceps Mioc. NA. 

SUBORDER ALLOTRiOGNATni. F. LaiQpndae, R. Oc., Ijampris Mioc. NA., R. Oc. F. Lophot- 
idae, R. Oc., Lophotes Olig. WAs., R. Oc. F. Veliferidae Regalecidae Trachipter- 
idae, R. Oc. 

SUBORDER oPisTiiOMi. F. Mastacembclidae) R. Af. As. F. Chaudhuriidae, R. As. 
SUBORDER sYNBRANCHii. F. Syiibranchidae, R. SA. Af. As. EInd. F. Amphipnoidae, R. 
As. Aus. F. Alabetidae, R. Aus. 

SUBCIxA.SS CHOANICIITHYES 

Order Crossopterygii 

SUBORDER RuiPiDisTiA (osTEOLEPiDOTi). F. Pofolepidae, PoTokpis L.-M. Dev. Eu. 
Spitz. NAs. F. Osteolepidae, Canningius M. Dev. Gr., Diplopterax [Diplopterus] 
M. Dev. Eu. Gr., Gyroptychins Tristichopterus M. Dev. Eu., Osteolepis M.-U, 
Dev. Eu., Dev. NAs. Ant., Thnrsius M. Dev. Eu., U. Dev. NA., ?Devonosteus 
Polyplocodus M.^U. Dev. Eu., Ensthenoptcron Glyptopomm Sauripterus U. Dev. 
Eu. NA,, DiciyonosUm U. Dev. Spitz., Thaumatolepis Dev. Eu., Megalichthys 
[Rhizodxypsis] ?U. Dev. NAs., Penn. ?Perm. Eu., Penn. NA., Rhizodus Miss. Eu. 
.?NA., Sirepsodus Miss.-Penn. Eu. NA., Penn. Aus., Eciosteorhachis L. Perm. NA. 
F. Holoptychiidae, Hamodus M. Dev. Eu., GlyptoUpis M.-U. Dev, liJu., IJ. Dev. 
NA. NAs., Hohptychius [Dendrodus] U. Dev. Eu. NA. Gr. Ant. ?NAs. 
SUBORDER coELACANTHiNi (actinistia). F. Diplocercididae, Euporosteus M. Dev. Eu., 
Diplocercides Nesides U. Dev, Eu. F. Coelacanthidae, ? Coelacanthopsis Miss. Eu., 
Rhabdoderma Miss.-Penn. Eu. NA., Coelacanthus Penn.-U. Perm. Eu., ?Perm. 
Mad., Spermaiodus L. Perm. NA., Axelia Mylacanthus Sckracanthus L. Trias. 
Spitz., Sassenia L. Trias. Spitz. Gr., Wimania [Leioderma] L. Trias. Spitz. .^Gr., 
Whiteia L. Trias. Mad. Gr., Hepianema M.-U. Trias. Eu., Diplurus Osieoplcurus 
U. Trias. NA., Graphiurichthys [Graphiurm] U. Trias. Eu., Undtna U. Trias.- 
Jur. Eu., ?Jur. Aus. Trachymetopon L. Jur. Eu., Coccoderma Libya U. Jur. Eu., 
Mawaonia L. Cret. SA., U. Cret. NAf., Macropoma U. Cret. Eu. WAs., Macro- 
rkomboidea U. Cret. WAs,, ?Siromerichthya U. Cret. Eu. F. Laugiidae, Laugia L. 
Trias. Gr. F. Latimeriidae, R. Oc. 

Order Dipnoi. F. Dipteridae, Dipnorhynchua M. Dev. Aus., Dipterus M. Dev. Eu., M.-U. 
Dev. NA. Nova Zembla, Pentlandia M. Dev. Eu., Ganorkynckua M.-U. Dev. Eu. 
NA., Conckodus M.-U. Dev. Eu., U. Dev. NA., Palaedaphua U. Dev. Eu. NA., 
Dipteroidea Uohdipterua [Hohdua] Chirodipterus U. Dev. Eu., Rhynchedipterua 
U. Dev. Eu. Gr., Eocienodua U. Dev. Aus., Synthetodua U. Dev. NA. F. Phanero- 
pleuiidae, Fleuraniia Scaumenacia U. Dev, NA., Pkaneropleuron U. Dev. Eu. 
Gr. F. Ctenodontidae, Uronemua Miss. Eu,, Ctenodua Miss.-Penn. Eu. NA., 
Sagenodua Miss.-Penn. Eu., Miss.-L. Perm. NA. F. Conchopomidae, Conchopo- 
ma [Peplorhina] Penu,-L, Perm, NA, F. Caratodontidae, R. Aus., Proceraiodua 
Penn.-L. Perm. NA., Ooafordia L. Trias. Aus., Ceratodtis L. Trias.-U. Jur. Eu., 
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L, Trias.~U. Cret. Aus. Af. NA., U. Trias.-L. Cret. As., U. Cret. SA,, Ptychoceror- 
todies U. Trias. Eu., Epiceratodus U. Cret.-ll. Aus. F. Lepidosirenidae, R. Af. SA., 
?Gnathorhiza Penn.-L. Perm. NA., U. Perm. Eu., Protopterus Olig.-R. Af. 

CLASS AMPHIBIA 

SUBCLASS APSIDOSPONDYII 

Superorder Labyrinthodontia 

Order Ichthyostegalia. ?F. Elpistostegidae, Elpisiosiege U. Dev. NA. F. Ichthyostegi- 
dae, Ichthyostega Ichthyosiegopsis U. Dev. or Miss. Gr. F. Otocratiidae, Otocraiia 
Miss. Eu. F. Colosteidae, Cohsteits Erpeiosaurus Penn. NA. 

Order Rhachitomi 

suborder LOxoMMOiDEiA. F. Loxoinmidae, Loxomma Miss.-Penn. Eu., Spathiocephahis 
Miss. Eu., Macrerpeton Penn. NA., Bapketes Megalocephalus [OTthx)saurus] Penn. 
Eu. NA. 

SUBORDER edopsoidea. F. Edopsidae, Leptophractus Penn. NA., Capetus Cochleosaurus 
Gaudrya Nyrania Penn. Eu., Edops Penn.-L. Perm. NA. F. Dendrerpetontidae, 
Branchiosauravus Dendrerpeton [Dendryazoiisa] Uchthyacanthus Platystegos Penn. 
NA., Eugyriniis Erpetocephalus Penn. Eu. F. Trimerorhachidae, Dendrysekos 
Pelion Penn. NA., ?Dawsonia Penn. Eu., Trimerorhachis L. Perm. NA., ?Ly- 
sipterygium L. Perm. As. ?F. Dvinosatuidae, ?Chalcosaurus M. Perm. Eu., Dvino- 
saurus U. Perm. Eu. 

SUBORDER ERYOPSOIDEA. F. Chenopfosopidae, Myiaras Penn. NA., Chenoprosopits L. 
Perm. NA. F. Archegosauridae, Archegoaaurm L. Perm. Eu., ^Melosaurus Plat- 
yops M. Perm. Eu. F. Micropholidae, Mwropholis L. Trias. SAf. F. Xrematopsi- 
dae, Acheloma ?Parioxys Trematops L. Perm. NA. F. Zatrachyidae, Siegops 
Penn. NA., Platyrhinops Penn. Eu., Platyhystrix Zatrachys L. Perm. NA., Acan- 
ihostoma Dasyceps L, Perm. Eu. F. Eryopsidae, ?Ltisor Mordax ?Potamochosion 
Penn. Eu., **Bramhiosaurus^* Penn. NA., Penn.-L. Perm. Eu., Onchiodon Penn.- 
L. Perm. Eu., Actinodon [Eachirosaurus] Chelydosaurus Leptorophus Microme- 
lerpeUm Osteophorus Protriton Sclerocephalus [Weissia] L. Perm. Eu., Eryops 
[Eryopsoides] L. Perm. NA. F. Dissorhophidae, Platyrhinops Penn. NA., Ale- 
geinosaurus Aspidosaurus BroilieUus Cacops Dissorophus ?Ter8omius L. Perm. 
NA., Zygosaurus M. Perm. Eu. 

SUBORDER NEORHACHiTOMi. F. Rhiiiesuciiidae, lihinesuchoides M. Perm. SAf., Rhine- 
suchus M.~U. Perm. SAf., U. Perm. EAf., Laccosaurus U. Perm. SAf., Lacco- 
cephalus Uranocentrodon L. Trias. SAf. Mad., Gondwanosaurus L. Trias. SAs. F. 
Lydekkerinidae, Lydekkerina PuUerlUia L. Trias. SAf. F. Benthosuchidae, Ben- 
ikosuchus Thoosuchus Volgasuchus L. Trias. Eu., WeUugosaurus L. Trias. Eu. 
?SAf., ?Tungussogyrinus L. Trias. NAs. 

Order Stereospondtli. F. Capitosauridaei Ileptasaurus L. Trias. Eu., Parotosaurus L. 
Trias. Eu. SAf., Capitosawrus L.-U. Trias. Eu., Kestrosaurus L. Trias. SAf., 
Stanocephalosawrus M. Trias. NA., Mastodonsaurus M.-U. Trias. Eu., CydaUh 
saurus M.-U. Trias. Eu., U. Trias. Aus., ? Austropelor ?L. Jur, Aus. F. Trema^ 
tosauridae, Gonioglyptus L. Trias. SAs., Trematosuchm Rkyti4asieus [Mioropo^ 
saurus] L. Trias. SAf., Trematosaurus L. Trias. Eu. ?SAf., PeUastega, Pkdystega 
Tertrema L. Trias, Spitz., Lyrocephalm L. Trias. Spitz. Gr., ApJtaneramma 
[Lonchorhynchus] Stoschiosaufus L, Trias. Gr. F« Metoposaiiiidae, Anasehisma 
Borborophagus BueUimia Dictyocepkalus Eupelor Kahmoikelor j^oshinm0on 
U. Trias. NA., Metoposamrus U. Trias. Eu. F, Brackyopidaei BMkachosu^m !•« 
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Trias. SAf., Boiknceps M. Trias. Aus., Brachyops ?Pachygonia M. Trias. SAs., 
Plagiostemum M.-U. Trias. Eu,, Gerrhosaurus Gerrhothorax Plagiosaurus Plagio- 
suchus U. Trias. Eu. 

Order Embolomeri. F. Eogyrinidae, ?Atopotera Ccdligenetheon Cricoim Eohaphetes 
Spondylerpeton Penn. NA., Eogyrinus Ichthyerpeton Pholiderpeton Pteroplax 
?Memonomeno3 Penn. Eu., Archeria L. Perm. NA. F. Anthracosauridae, ?Cras- 
sigyrinm Miss. Eu., Anihracosaurus Penn. Eu. F. Palaeogyrinidae, Palaeogyrinus 
Penn. Eu. F. Pholidogasteridae fPapposavrm Miss. Eu., Pholidogaster Miss. Eu. 
?NA. Embolomeri?, Incertae sedis, Arkanserpeton Eosaurns Penn. NA., Num- 
mulosaurus L. Perm. Eu. 

Order Seymouriamorpha. F. Diplovertebrontidae, Diplovertehron Gephyrostegus Penn. 
Eu., Melancrpeton Penn.~-J^. Perm. Eu., Sparagmites L. Perm. Eu., Dvicosavfriscus 
[Discosaurm] L.~M. Perm. Eu. F. Seymouridae, Conodectes Seymouria L. Perm. 
NA., }Lanthanosuehm M. Perm. Eu. F. Kotlassiidae, Koilaasia U. Perm. Eu. 

Superorder Salientia 

Order Eoanura. F. Amphibamidae, Amphihamus Miohairachm Penn. NA. 

Order Proanura. F. Protobatracbidae, Protohatrachm L. Trias. Mad. 

Order Anura 

suborder amphicoela. ?F. Montsechobatrachidae, Montsechobatrackus U. Jur. Eu., 
}Eohatraxhus U. Jur. NA., ?Stremmia U. Jur. Af. F. Liopelmidae, R. NA. NZ. 

SUBORDER OPISTHOCOELA. F. Discoglossidae, R. Eu. As. NAf., LaUmia Pehphilm Mioc. 
Eu., Alytes Mioc.-R. Eu., BomhinalBomhinator] Mioc.-R. Eu., R. EAs. F. Pipi- 
dae, R. Af. SA., ?Eoxenopoidca ?L. Tert. SAf., Xenopus Mioc.-R. Af. 

SUBORDER ANOMOCOELA. F. Pelobatidac, R. NA. EAs. EInd. Seychelle Is., Macropelo- 
hates Olig. EAs., Pehhaies Mioc.-R. Eu., Eopelohates Mioc. Eu., Scaphiopus 
Plioc.-R. NA. F. Pelodytidae R. Eu., Propelodytes Eoc. Eu., Miopelodytes Mioc. 
NA. 

SUBORDER PROCOELA. F. Palaeobatrachldae, Palaeobatrachus ? Protopelobates Mioc. Eu. 
F. Bufonidae, R. Cos., Indobatrackus Eoc. As., Bvfo Olig.-R. Eu., Plioc.-R. NA., 
Pleist.-R. As., R. Af. SA., ?Bufamis Mioc. Eu., Teracophrys Mioc. SA., Wiph- 
pelturus ?Pliobatrachus Plioc. Eu., ?Platosphus Pleist. Eu., Ceratophrys Pleist.- 
R. SA. F. BrachycephaHdae, R. SA. CA. Wind. F. HyUdae, R. NA. SA. Eu. As. 
Aus. NAf., Ilyla ILithdbatrachtis] Mioc.-R. Eu., R. NA. SA. As. Aus. NAf., Am- 
phignathodon Olig.-Mioc. Eu., R. SA. 

SUBORDER DiPLA^iocoELA. F. Raiudae, R. Cos., Ranavus Aspherion Mioc. Eu., Rana 
Mioc.-R. As. Eu., Plioc.-R. NA., R. Af. Aus. SA. F. Polypedatidae, R. Af. SAs. 
EInd. F. Brevicipitidae, R. NA. SA. Af. SAs. Aus. 

SUBCLASS LEPOSPONDYLI 

Order Aistopoda. F. Ophideipetontidae, Ophiderpeton ?Miss., Penn. Eu. Eenn. NA. F. 
l>olichosomidae, Dolickosoma Penn. Eu., Thyrsidium Penn. NA. ^ 

Order Nbctridia, F. Lepterpetontidae, Lepterpeton Penn. Eu., YBauramis L. Perm. Eu. 
F. Urocordylidae, Urocordylus [Ctenerpeion Oestocephalus Ptyonius Sauro- 
pleura] Penn. Eu. NA., Crossotehs L. Perm. NA. F. Keraterpetontidae, Dicerato- 
sauruB Penn. NA., Bairachiderpeton Keraterpeton ?Scincosaurus Penn. Eu., 
Diplocavlus L. Perm. NA. 

^DER Microsauria (Micramphibia, Adblospondyli). F. Dolichopareiidae, Doli- 
ckopareias Miss. Eu* F. Adelogyrinidae, Adelogyrinus Miss. Eu. F. Lysorophidae, 
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Coccytinns Molgophis Phlegethontia Plevroptyx Penn. NA., Lysorophus L. Perm. 
NA. F. Microbrachidae, Ilyloplesion Microhrachis Penn. Eu. F. Gymnarthridae, 
Cardiocephalufi Eyryodm Gymnarthrus Pariotichus L. Perm. NA., ?Petrohates L. 
Perm. Eu. F. Pantylidae, Sparodus ?Ricnodon Penn. Eu., Pantylus L. Perm. NA. F. 
Ostodolepidae Wrthocosia ?Seelya Penn. Eu., Ostodokpw L. Perm. NA. .f'F.Phryn- 
osuchidae Phrynosuchus U. Perm. SAf. Microsauria, incertae sedis: Asaphes- 
terttf Fritschiay Ilylerpeton^ Ilylonomus, Leiocephalikon Penn. NA. 

Order Urodela 

SUBORDER CRYPTOBRANCHOiDBA. F. Hynobudae, R. EAs., HVolterstorffiella Mioc. Eu. 
F. Cryptobranchidae, R. NA. EAs., Andrias Mioc. Eu., Plicognathus Plioc. NA., 
Megalobatrachm Mioc. Eu., R. EAs. 

SUBORDER AMBLYSTOMOiDEA. F. Amblystomatidae, R. NA., ?Scapherpetony Ilemitrypus 
U. Cret. NA., Lanehatrachus Ogallalabairachus PUoaynhlysloma I*lioc. NA., .4m- 
blystoma [ Ambysioma] Pleist.-R. NA. 

SUBORDER SALAMANDRoiDEA. F. Salamandrldae, R. Eu. As. NA., Tylototriton Eoc.-Mioc. 
Eu., R. EAs., Heteroclitotriton Megalotriion EcK^. -Olig. Eu., Oligosemia Olig. Eu., 
Heliarchon Cheloiriton Archaeotriton Palaeoplenrodehs Polysemia Mioc. Eu., 
Salamandra Mioc.-R. Eu., Triturm Mioc.-R. Eu., R. NA. F. Amphiumidae R. 
NA., Amphiuma ?Eoc. Eu., R. NA., Batrachosauroides Mioc. NA. F. Plethodonti- 
dae R. NA. SA. Eu. 

SUBORDER PROTEiDA. F. Proteidac, R. Eu. NA., ?Hylaeobatrachus L. Cret. Eu., Palaeo- 
proteu^ Eoc. Eu., Orthophyia Mioc, Eu. 

SUBORDER MEANTEs. F. Sifeiiidae, R. NA., Sinm Pleist.-R. NA. 

Order Apoda (Gymnophiona). F. Coeciliidae, R. SA. CA. Af. SAs. EInd. 

CLASS REPTILIA 

SUBCLASS ANAPSIDA 

Order Cotylosauria 

suborder captorhinomorpha. F. Solenodonsauridae, ? Emauropleura ?Tuditanus 
[Eosauravus] Penn. NA., Solenodonsaurus Penn. Eu. F. Limnoscelidae, Limno- 
scelia L. Perm. NA. F. Captorhinidae, Captorhinua [Ectocynodon] Labidoaaurua 
?Pleuriation L. Perm. NA. F, Protorothyrididae, Protorothyria ? Puercoaaurua 
liomeria L. Perm. NA. ?F, Millerettidae Milleretta [Millerina] MiUerinoidea M. 
Perm. SAf. 

suborder diadectomorpha. F. Diadectidae, Deamatodon Penn. NA., Animaaaurua 
Bolbodon Chilonyx Diadectea Diaaparactua Diadectoidea Helodectea L. Perm. NA., 
Phaneroaawrua Stephanoapondylm ?Spfienoaaurua [Paraaaurua] L. Perm. Eu. F. 
Pareiasauridae, Brachypareia Bradyaaurua Bradyauchua Dolichopareia Emhri- 
thoaaurua Koalemaaaurua Nocheleaaurua Platyofropha M. Perm. SA., Parabrady- 
aaunta M. Perm. Eu., Propappus M.-U. Perm. SAf., Elginia Scutosaurua [ProeB 
ginia] U. Perm. Eu., Anthodon U. Perm. Eu. EAf. SAf., Pareiaavchua U. Perm, 
^u. SAf., Nanopareia Pareimaurua U. Perm. SAf,, ?Scleroaauru3 L. Trias. Eu. 
F. Bolosauiidae, Boloaaurus L. Perm. NA. F. Procolophonidae, Nycteroleter 
Nyciiphruretus Rhipaeosaurus M. Perm. Eu., Owenaita U. Perm. SAf., Ammoio- 
don Koiloskioaaurus L. Trias. Eu., Microtfwlodon [Tkelegnathus] Myocephalua 
Procolophon Spondyleatea L. Trias. SAf., Telerpeton M. Trias. Eu., Hypaognaihua 
U. Trias. NA. 

Order Chelonia [Testudinata] 

SUBORDER EUNOTosAURiA. F, Eunotosatuidae, Eunotoaaurua M. Perm. SAf. 

SUBORDER AMPHICHELTDIA. F, TdassocheBdae, Proganochelya Triaaaochelya U. Trias. 
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Eu. F. Proterochersidae, fCJielyzoon M.-U. Trias. Eu., Chelytherium Protero- 
chenth ?Saurod^;smM. U. Trias. Eu. F. Pleurosternidae, PUitychelyfi L.-U. Jur. 
Eu., ?Protocfielys M. Jur. Eu., Stegocli^lys U. Jur. Eu., Plemosiernnm U. Jur.~L. 
Cret. Eu., Olyptopft U. Jur.-U. Cret. NA., U. Jur. Eu., Plaiychehidcs L. Cret. 
EAf., Helochclydra [Peltochelys, Tretosternum] L. Cret. Eu., Helochelys Rhino- 
chelys Trachydermochelys U. Cret. Eu., Ncnrankijlus U. Cret. NA. F. Baenidae, 
Craspedochelys U. Jur. Eu., NaomichAys Prohaena U. Jur. NA., Roremys Chari- 
temys Eubaena ?Polythorax Thescclus U. Cret. NA., Baena U. Cret., Eoc. NA., 
Chisternon Eoc. NA. F. Kallokibotidae, Kallokibotium U. Cret. Eu. F. Meiolani- 
dae, Niolamia U. Cret. SA., Crossochelya Eoc. SA., Meiolania Pleist. Aus. F. 
Plesiochelidae, Ilydropelta Parachelys Plesiochelys ThoUmys U. Jur. Eu., Ily- 
laeochelys U. Jur.-L. Cret. Eu., Brodiechelys L. Cret. Eu., ?Scuiemys L. Cret. EAs. 

SUBORDER PLEURODiRA. F. Pelomedusidae, R. SA. Af., Amhlypeza Bothremys U. Cret. 
NA., Naiadochelys U. Cret. NA. SA., Elockelys U. Cret. Eu., Podocnemis U. 
Cret. NA., U. Cret.-Mioc. Eu., U. Cret.-R. SA., Paleoc.-Pleist. Af., Eoc. SAs., 
R. Mad., Bantuchelys Paleoc. Af., Stereogenys Eoc. NAf., Taphroaphya Eoc.- 
Mioc. NA., Pelomedusa Olig.-R. Af., Stemothaerus Mioc.-R. Af., ?Paralichelys 
Plioc. Eu., Shweboemys Plioc. SAs. F. Chelidae, R. SA. SAs. Aus., Chiiracephalus 
L. Cret. Eu., Aperotemporalis IJ. Cret. NAf., ?Polysternum U. Cret.-P'oc. Eu., 
Rhinemys Eoc. As., R. SA., IJydraspis [ Acrohydraspis] ?Eoc. SAs., Plioc. - R. SA., 
Chelys Tert.--R. SA., Chelodina Emydura Pleist.-R. Aus. 

SUBORDER CRYPTODIRA. F. Thalassemydidae, Chelonides Eurysternum [AcJielonia 
Acwhelys Aplax Euryespis Palaeomedusa] Idiochelys Thalassemys U. Jur. Eu., 
Pelobatochelys Tropidemys U. Jur.-L. Cret. Eu., Desinemys L. Cret. P)u., ?P?/g- 
maeochelys ?Sontiochelya U. Cret. Eu., Lytoloma [Erquelinnesia Euclastes Pa- 
chyrhynchus Puppigerus] U. Cret. Eu. Af. NA., Catapleura Desmatochelys [ At- 
lantochelys Neptunochelys] Osteopygis Phyllemys U. Cret. NA. SA. F. Derma- 
temydidae, R. CA., Sinochelys L. Cret. As., Agomphus Uomorophus Zygoramma 
U. Cret. NA., Compsemys U. Cret.-Paleoc. NA., Basilemys U. Cret.-Eoc. NA., 
Adocus U. Cret.-“Eoc. NA., Eoc. EAs., Lindholmemya U. Cret. As., Iloplochelys 
Paleoc.-Eoc. NA., Alamosemys Anosteira Baptcmys Kallistira Notomorpka 
Pseudanosteira Eoc. NA., Trachyaajm Eoc.-Mioc. PIu. Af., Xenochelys Olig. NA. 
F. Kinostemidae, R. NA. SA., Kinostemon Plioc.-R. NA., R. SA. F. Platysterni- 
dae, R. PJAs., Sartemijs L. Cret. EAs. F. Emydidae, R. Eu. As. NAf. NA. SA., 
Sinemys L. Cret. EAs., ?Gyremys U. Cret. NA., Eckmaiemys Eoc. NA., Pata- 
nemys Eoc. Eu., Geoemyda PIoc. Eu., Eoc.-R. As., R. CA. SA., Ptychogaster Eoc.- 
Mioc. Eu., Chrysemys [Platemys] Eoc.-Mioc. Eu., Pleist.-R. NA., R. SA., Clcm- 
mys [Sharemys] Eoc.-R. Eu. As., Mioc.-R. NA., R. NAf., Ocadia Eoc.-Mioc. Eu., 
Plioc. NAf., Plioc.-R. As., Broilia Olig. Eu., Palaeochelys Olig. Eu. As., Cinixya 
Olig. Eu., R. Af., Emys Paleoc.-R. Eu., R. NA. NAf. As., Graptemys Trachemys 
Olig.-R. NA,, Stykmya ?01ig. As., Olig.-Plioc. NA., Terrapene [Ciat7jd&] Mioc.-R. 
NA., Clemmydopsis Plioc. Eu., Polyechmatemys Plioc. EAs., Hardella Kachuga Ma- 
layemys [Damonia] Plioc.-R. As., Deirochelys Plioc.-R. NA., Pseudemys Plioc.- 
R. NA., R. SA., Geoclemmys Pleist.-R. EAs. F. Testudinidae, R. Eu. As. Af. NA. 
SA., AchUemys Hadrianus Eoc. NA., Ckeirogasier Eoc. Eu., Sinokadrianus Eoc. 
EAs., Homopm Eoc.-R, Eu., R. Af„ Teatudo [Cohssochelya] Eoc.-R. EAs. Af. 
NA. SA., Cymatholcus Olig. NA., Byatra Byamachelya Plioc. NA., Qopherua 
Pleist.-R. NA. F. Chelydridae, R. NA. SA., Gafsachelya Eoc. Eu, NAf., Chelydra 
Olig.-Mioc. Eu., Pleist.-R. NA., R. SA., Acherontemya Mioc. NA., Macroclemya 



V£RtEBRATE PALEONTOLOGY 


SM 


[Macrocluilys] Pleist.-R. NA. F. Protostegidae, ArcheUm Protosiega U. Cret. NA., 
ProtoaphargU TT. Cret. Eu., Pscudosphargia Olig. Eii. F. Toxochelidae, ? Cynocer- 
cus Porthochdys ToxocJielys U. Cret. NA. F. Chelonidae, 11. Oc., Cratochelone L. 
Cret. Aus., Notochelone Cret. Aus., Allopleuron Glyptochelone Proeretmochelys U. 
Cret. Eu., Carctta [Tlialassochelys] U. Cret.-Eoc. Eu., Eoc. NAf., R. Oc., Peri- 
tresiiis U. Cret.-Mioc. NA., Lemhonax Eoc. NA., ArgiUochelys Eochelone Eo- 
sphargis Eoc. Eu., Cliehnia [Chdme] Eoc. Eu., Mioc.-PIioc. NA., R. Oc., Chely- 
dopsis Oligochelojie Olig. Eu., Procolpochelys Syllomus Mioc. NA. F. Dermocheli- 
dae, R. Oc., Cosmochelys Eoc. Af., Psephophorus Eoc. NAf., Eoc.-Mioc. NA., 
Eoc.-PIioc. Eu., Dermochelys Mioc. Eu., R. Oc. F. Trionychidae, R. As. Af. EInd. 
NA., Plastomenus U. Cret.-Eoc. NA., Plalypeliis U. Cret.-R. NA., Aspideretea 
Cret.-Eoc. NA., Plioc.-R. SAs., Conchochelya Paleoc.-Eoc. NA., Temnotrionyx 
Eoc. NA., Axeatcmmya Eoc. NA., Mioc. Eu., Trionyx [Amyda Aapidonectea 
Aulacochelya Caatreaia] Eoc.-Plioc. Eu., Eoc.-R. NA., Olig.-R. As., Pleist.-R. 
EInd., Cyclanorbia Cycloderma Mioc.-R. Af., Chilra Plioc.-R. SAs., Pleist.-R. 
EInd; Liaaemya [Emyda] Plioc.-R. SAs., F. Carettochelidae, R. New Guinea, 
Akrochelya Alloechclya Eoc. Eu., Ilemickelya ?Eoc. SAs., Anoateira [Paeudo- 
trionyx] Paleoc.-Olig. Eu., Eoc. NA. As., Careitochelya Mioc.-R. New Guinea. 

SUBCLASS K'HTUYOPTERYGIA 

Order Ichthyosauria. F. Mizosauridae, ?Grippia M. Trias. Spitz., Mixoaavrua M. Trias. 
Eu. Spitz., Trias. EInd., PTrias. NA., Phalarodon M. Trias. NA. F. Shastasauri- 
dae, Cymboapondylua M. Trias. NA. Eu., Trias. EInd., ?Ekbainacanthua Peaao- 
aaurtia M. Trias. Spitz., Pachygonoaaurua M. Trias. Eu., Shaaiaaaurua M. Trias. 
Eu., U. Trias. NA., Californosaurtia [Delphinoaaurua] ?M. Trias. Eu., U. Trias. 
NA., Merrmmia Toreiocnemua U. Trias. NA. F. Omphalosauridae, Omphalo- 
aaurua M. Trias. NA., Peaaopteryx M. Trias. Spitz. F. Stenopterygiidae, Lep- 
topterygiua .?U. Trias., L. Jur. Eu., ?U. Jur. SA., EurMnoaauruaE. Jur. Eu., Sie- 
nopterygiua L.-M. Jur. Eu., Jur. SA., Nannopterygiua U. Jur. Eu., Platypterygiva 
L. Cret. Eu., Cetarthroaaurua U. Cret. Eu. F. Ichthyosatiridae, Ichthyoaaurua 
[Eurypterygiua] L. Jur. Gr., L.-U. Jur. Eu., Jur. NA., Macropterygiua L.-U. Jur. 
Eu., U. Jur. SA., Ophthalmoaaurua [Baptanodon] L.-U. Jur. Eu., M. Jur.-U. 
Cret. NA., Apatodonoaaurua U. Jur. NA., Brachypterygiua U. Jur. Eu., Myo- 
bradypterygiua U. Jur.-L. Cret. SA., Myopterygiua L. Cret. Aus., L.-U. Cret. Eu., 
U. Cret. NA. SA. EInd. NZ. 

subclass synaptosaubia 

Order Protorosauria. F. Araeoscelidae, Araeoacelia Ophiodeirua L. Perm. NA., Kada- 
lioaaunia L, Perm. Eu., ?Broomia M. Perm. SAf., ? Apheloaaurua U. Perm. Eu. 
F. Protorosauridae, ?Adeloaaurua Protoroaaurua U. Perm. Eu., Eifeloaaurua 
^icrocnemtia ? Tracheloaaurua L. Trias. Eu. F. Tanystropheidae, Macroacelo- 
aaurua Macrocnemua Tanyatropheus [Tribeleaodon] Zanclodon M. Trias. £u. F. 
Trilophosauridae, TrUophoaaurua U. Trias. NA. F. Weigeltisauiidae Weigelii- 
aaurua [Palaeoohamaeleo] U. Perm. £u., Coeluroaauravua U. Perm. Mad. 

Order Sauropterygia 

SUBORDER N0TR08AUR1A. F. Nothosauiidae, Cereaioaaurua Cymatoaaurua Doliovertehra 
Oermanoaaurua Lamproaauma Larhaaurua Macromiroaaurua Microleptoaaurus 
Opeoaaurus Poxanihoaaurua Partanoaaurua Proneuaticoaav/irua Rhaetioonia M. 
Trias. Eu., Simoaaurus M.-IT. Trias. Eu., Noihoaavrtta L.-U. Trias. Eu., FTrias. 



CLASSIFICATION OF VERTEBRATES 


S95 


WAs., Corosaurus U. Trias. NA. F. Pachypleiirosauridae, /Uiarofiavrus Dactylo- 
sauriis Nevsticosaunis Pachypleurosaurm Phygosanrus PNilotrachelomurys M. 
Trias, Eu, 

BUBORDER PLESIOSAURIA 

INFRAORDER PisTOSAURoiDEA. F. Pistosauridae, Piatosauru^ M. Trias. Eu. 

INFRAORDEU PLiosAUROiDEA (braciiydeira). F. Pliosauiidae, Evrycleidm Thauma- 
tosaurus [RJwmaleosaurtLs] L. Jur. Eu., Pliosaurus L.-U. Jur. Eu., Pa?it()saurus 
Pehneustes Simolestes U. Jur. Eu. Af., Kromsaurus L. Cret. Aus. F. Polycotylidae 
Rrcuihaiwheniuft Brimosaurus Piratosmmis Polycoiylm Trinacronierum U. Cret. 
NA., Polyptychodon U. Cret. Eu. 

infraorder plesiosauroidea (doli^’Hodeira). F. Plesiosauridae, Eretmosaurus 
Macroplata MicrocUidus Plesiosavrus Seelryomvrus Sthenarosaurm L. Jur. Eu., 
Muraenosaurm Picrocleidus Tremamesacleis Tricleidus U. Jur. Eu., Crypto- 
clcidus [Apractocleidm] U. Jur. Eu. Gr., Ijcptocleidus L. Cret. Eu. F. Elasmosauri- 
dae, Colymhosaurus L. Jur. Eu., Brancasaurus L. Cret. Eu., Alzadasaurus 
A phrosaurus Cimoliosaurus Fresnosaurus Jlydralmosaurvs IIydrotherosaurus 
Ijcurospondylus Morenosaurus Ogmodirus Styxosaurus Thalassiosaurus Thalas- 
somcdon Thalassonomosaurus U. Cret. NA., Elasmosaiirus U. Cret. NA. Eu. Aus. 
NZ., Mauisaurus U. Cret. Aus. NZ. 

suborder plauodontia. F. Placodontidae, Placodvs L.-U. Trias. Eu., Parajdaeodus M. 
'JVias. Eu. F. Cyamodontidae Cyamodus Saurosphargis M. Trias. Eu., Chelyopo- 
suchm Ilenodns Placochelys Psepkoderyna Psephosanrus U. IVias. Eu. 


SUB ( IASS lepidosauria 


Order Eobuciiia 

suborder younginiformes. F. Younginidae, Galesphyrus Ileleophilus ?Ileleosaurus 
? Ileleosuchus ? Noteosuchus Paliguana Palacagama Saurosternon Youngina 
Youngoides Youngopsu U. Perm. Sx\f. F. Prolacertidae, Prolacerta L. Trias. 
SAf. F. Tangasauridae, Ilovasaimis U. Perm. Mad., Tangasaurus L. Trias. E. 
Af. Mad. 

SUBORDER choristodera. F. Champsosautidaei Chavipsosaurus U. Cret.-Eoc. Eu. NA., 
?Cret. EInd., ?Eoc. Af., Simoedosaurm U. Cret.-Eoc. Eu. 

?suborder thalattosauria. F. Thalattosauridae, Ncctosaurus Thalattosaurus U. 
Trias. NA. 

BUBORDER ACROSAURiA. F. Pleurosauridae, Plcurosaurus [Acrosaurus] U. Jur. Eu. 
Order Rhynchocephama. F. Sphenodontidae R. NZ., Palacrodon L. Trias. SAf., 
Brachyrhinodon Clevosaurm ?Pachystropheus Polysphenodon U. Trias. Eu., 
Ilomoeosaunts Meyerasaurus U. Jur. Eu., OpJmthias Thcretairus U. Jur. NA., 
ChometokadTmn L. Cret. Eu. ?F. Sapheosauridae, Sapheosaurm Sauranodxm U. 
Jur. Eu. F* Claraziidae, Clarazia Hescheleria M. Trias. Eu. F. Rhynchosauridae, 
Hotoesia Mesosuchus L. Trias. SAf., Stenaulorhynchus M. Trias. EAf., Cepha- 
Ionia Scapkonyx M. Trias. SA., Rhynchosaurus Stenometopon U. Trias. Eu., Hyper- 
odapedon U. Trias. Eu. SAs., Paradapedon U. Trias. SAs. 


Order Squamata 

SUBORDER lACERTILIA [sAURIA] 

iNFEAORDEB GEKKOTA. F. Gekkonidae, R. Cos. F. TJroplatidae, R. Mad. 

INFRAORDER zouANZA. F. Igiianidae, R. NA. SA. Mad., Ckamops U. Cret. NA., Iguana- 
vus U. Cret.-'Eoc. NA., Exoatinvs Cret.-01ig. NA., Parasauromalus Eoc. NA., 
Proigmna Eoc. Eu., Aciprion OHg. NA., Tetrcdophosaurua Mioc. NA., Crotaphytus 
PIioc.~R* NA., Leioamrus Plioc.~B. SA., Phrynosoma Pleist.-E. NA,, Iguana 
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rieist.-R. WJiirl., R. CA. SA. F. Agamidae, R. Eu. As. Af. Aus., Conicodonto- 
sanrvs Mac^roccphalosaurua IT. Cret. EAs., Agarna Eoc.- R. Eu., R. As. Af., 
Chlamydomurua IMcist.-R. Aus. 

INFRAORDEH RiiiPTOGLOssA. F. Chaixiaeleontidae, R. Af. Mad. SAs., HUmosaurus U. 
Cret. EAs., ? Thiomurus Eoc. NA. EAs. ** 

iNFRAORDER sciNcoMORPHA. ?F. Ardeosatiridae, Ard^osaurm U. Jur. Eu. F. Xan- 
tusiidae, R. NA. CA. Wind. F. Scincidae, R. Cos., Cadurcosavrus Eoc. Eu., Pro- 
trachysaurus Eoc.-Olig. Eu., Dracaenosaurus Olig. Eu., Didosaurus Pleist. Mauri¬ 
tius. F. Dibamidae, R. EInd. F. Anelytropsidae, R. NA. F. Feyliniidae, R. Af. 
F. Lacertidae, R. Eu. As. Af., Lacerta Eoc.-R. Eu., Pleist.-R. As., R. Af., Nucras 
Olig. Eu., R. Af. F. Gerrhosauridae, R. Af. F. Teiidae, R. NA. SA., Tupinamhis 
Olig.-R. SA., Ciiemidophorus Plioc.-R. NA., R. SA. 

INFRAORDER AMPiiisuAENiA. F. Aixiphisbaenidae, R. Eu. Af. NA. SA., Lestophis [Lim- 
nophis Palaeohoa Ototriton] Eoc. NA., llyporhitia Olig. NA., Rhineura Olig.-R. 
NA., Crythiosaurus Olig. Ex4s. 

INFRAORDER ANGuiMORPiiA. F. Euposauridae, Euposavrus TJ. Jur. ITu., YMonjuro- 
Miurm L. Cret. EAs. F. Zonuridae, R. Af. F. Pygopodidae, R. Aus. F. Heloderma- 
tidae, R. NA. Borneo, Heloderma Olig. -R. NA. F. Anguidae, R. Eu. As. NAf. 
NA. SA., IfiodontosauruH U. Cret. EAs., Peltosaurus IJ. Cret.-OIig. NA., Placo- 
saurutf Eoc. Eu., Melanosaurus Eoc. NA., Xestops Eoc. -Olig. NA., Glyptosavms 
Eoc. -Olig. NA., Eoc. EAs., Ophisaurm [Pseudopus] Olig.-R. Eu., R. As. NAf. 
NA., Propseudopus Mioc. Eu., Diploglossus ?Mioc. Eu., R. CA. WTnd. SA., 
Ariguls Mioc.-R. Eu., R. NAf. W'As. F. Xenosauridae^ R. CA. F. Anniellidae, 
R. NA. 

INFRAORDER PLATi’NOTA. F. Varatiidae, R. Af. As. Aus., Palacosaniwa Parasanhva 
Polyodoniosavrus U. Cret. NA., Telmasaurus tJ. ("ret. EAs., Provaranosaurus 
Paleoc. NA., Saniwa [Thinosaurus] Paleoc.-Olig. NA. Eu., Palaeovaranus Pro- 
goiiosaurus Eoc. Eu., Varanus Eoc.-Plioc. Eu., Plioc. -R. As., Pleist.-R. Aus., 
Megalania Plioc. As., Pleist. Aus. F. Dolichosauridae^ Acteosaurus Adriosaurus 
Eidolosaurus Pontosaurus L. Cret. Eu., Doliehosaurus U. Cret. Eu. F. Aigialo- 
sauridae, Aigialosaurus Carsosaurus Mesoleptos Opetiosaurus L. Cret. Eu. F. 
Mosasauridaei Amphe/cepuhis Ancylocentrum [Rrachysaimis] Uaptosaurus Cli- 
dasles Diplotomodon Ellipionodon IJolcodus Ifolosaurus Kolposaurus Macro- 
saurus Nectoporthevs Pksiotylosaurus Polygonodon Sironectes U. Cret. NA., 
Glohidens U. Cret. NA. Eu. NAf. EInd., Platecarpus U. Cret. NA. Eu. ?NAf., 
Tylosaurus [IjCiodoJi] U. Cret. NA. Af., Mosasaurus IJ. Cret. NA. Af. Eii., Lepto- 
saurus U. Cret. NAf., ?Coniasaurus Dollosaurus Ilainosaurus Plioplatecarpus 
Prognathosaurus U. Cret. Eu., Taniwhasaurus U. Cret. NZ. 

IN CERT AE sEDis: F, Arfetosaufidae, Arretosaurus Eoc. EAs. F, Shinisauridae, R. As. 
F. Polyglyphanodontidaei Paraglyphanodon Polyglyphanodon U. Cret. NA. 

GENERA iNCERTAE SEDIS.* Cteuiogenys Macellodiis U. Jur. NA., Saurillus U. Jur. Eu., 
Alelhesaurus Hahrosaurus Lanceosawrus Megasaurus Odaxosaurus Prionosaurus 
U. Cret. NA., Harpagosaurtes U. CreL-Paleoc. NA., Dicarlesia [CarUaia] U. 
Cret. SA., Haplodontosaurus Machaerosaurm Oligodontosaurm Paleoc. NA., 
Naocephalus Paraprionosaunis Eoc. NA., Enigmatosaurus Eoc. Eu., Cremato- 
saurus Diacium Olig. NA. 

SUBORDER SERPENTES [oPHipiA]. F. Palaeophidae, Pachyophis L. Cret. Eu., Simoliophis 
U. Cret. Eu. NAf. Mad., Archaeopkis Eoc. Eu., Palaeophis [Dinophis] Eoc. Eu. 
NA. Af., Pterospkenus Eoc. NAf. NA. F, Boidae, R. NA. SA. As. Af., Boavua 
Lestophis Lithophis Proiagras Eoc. NA., Madtsoia Eoc. SA., Pederyx Eoc. Eu., 
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Giganiopkis Eoc. NAf., Palaeopython Eoc.-Mioc. Eu., Calamagras [ Aphclopki-ft] 
Olig. NA., Ogomophis Olig. -Mioc. NA., Bothropis Heteropyihon Seaptophis Mioc. 
Eu. F. l^thonidaei Daunophis Plioc. As., Python Plioc.--R. As., Pleisi.-H. Aus., 
R. Af. F. Typhlopidae, R. NA. SA. As. Af. Aus. F. Anilidae (Ilysiidae), R. SA. 
As., Dinilysia |J. Cret. SA., Scytalophis Olig. Eu. F. Uropeltidae Xenopeltidae, 
R. As. F. Colubridae) R. Cos., Tachyophis Olig. Eu., Pylmophu Olig. Mioc. Eu., 
Prolropidonottis Sanmnosaurus Mioc. Eu., Elaphe [Elaphis] Mioc. -R. Eu., R. 
As. NA. CA., Palaeoekiphe Plioc. NA., Farajicia Pituophu Thamnophis 
Plcist.--R. NA., Drymarchon Pleist.-R. NA., R. SA., Coluber [Zamenis] 
Plcist.-R. Eu. NA., R. As. CA., Plyas Pleist.-R. As., Nairix [Tropidonofuti] 
Pleist.-R. NA., R. Eu. As. Af. Aus. F. Elapidae, R. As. Af. Aus. NA. SA., Palaeo- 
naja Mioc. -Plioc. Eu., Naja Pleist.-R. As. F. Hydrophidae, R. As. Aus. EInd. 
F. Viperidae, R. Eu. As. Af., ?Coniophh‘ U. Cret. NA., ?IIrlagras Palcoc. NA., 
Provipera Mioc. Eu., Vipera Mioc.-R. Eu., R. As. Af., Bitis Plioc. Eu., R. Af. 
F. CrotaUdae, R. NA. SA. As., Crotahu^t Plcist.-R. NA. 

SUB (’LASS AHCnOSAURIA 

Order Thecodontia 

SUBORDER PSEUDosucHiA. F. Er3rthrosuchidae, Erylhrosuchus Proicrosuchus L. Trias. 
SAf., ChaHinatosaurus L. Trias. SAf. As., ChaainaiosncMiJf L. Trias. Eu. F. Orni- 
thosuchidae, BrownwUa Eupariceria L. Trias. SAf., Wougusia L. 'JVias. Eu., 
?ParringUmia M. Trias. EAf., Erpeiosuchm Ornithosuchm Saltoposuchus U. 
Trias. Eu., Sclcromochlus Trias. Eu. F. Aetosauridae, Aelosaurus Dyoplax U. 
Trias. Eu. F. Sphenosuchidae, Sphenosvehm U. Trias. SAf. F. Stagonolepidae, 
Stagonosuchus M. Trias. EAf., IJoplitosuchus Prestosuchus Proccrosuchws Baui- 
auckus Rhadinosvehas M. Trias. SA., EpLscoposauruji [Desmatosuchus] Strgomm 
Stegomosychus U. Trias. NA., Siagonolepis U. Trias. Eu., Platyognatkus U, 
Trias. EAs. Typothorax U. Trias. NA. .^SAs. 

SUBORDER PHYTOSAURiA (parasuciiia). F. Phytosaufidae, Memrhmm L. Trias. Eu., 
Angistorhinopsis Ebrachosaurus Ebrachomchus Frankosuchus Myfttriosuchus 
Phyiomurus [Belodon] Termatosaurus U. Trias. Eu., Angistorhinws Clrpsysmmts 
Leptomchus Machaeroprosopm Palaeorhinus Promystrio^uchus Butiodon U. 
Trias. NA., Brachysuchus U. Trias. NA. SAs. 

Order Crocodilia (Loricata) 

SUBORDER PROTOsucHiA. F. Notochampsidae, Protosychus U. Trias. NA., Erythro- 
champsa Notochampsa ? Pedeticosaurus U. Trias. SAf. 
suborder sebecosuchia. F. Sebecidae, Sebecus Eoc. SA. 

SUBORDER MESOSUCHIA. F. Teleosaufidae, Aeolodon Mydriosaurv^ Pelagosaurm L. Jur. 
Eu., Tcleidosaurm M. Jur. Eu., Anglosuchus TeUosaurus M.-IJ. Jur. Eu., Steneo- 
saurus M.-U. Jur. Eu., Jur. Mad. SA., Mycterosuchus U. Jur. Eu., ? Ileteromurus 

L. Cret. Eu. F. Metriorhynchidae (Thalattosuchia), Mctriorhynchm [Suchodys] 

M. -U. Jur. Eu., Jur. SA., Circosaurus Dacosauriis U. Jur. Eu., Geosaurus [Neutt- 
tosaurus] U. Jur.-L. Cret. Eu., Enaliosuchus L. Cret. Eu. F. Pholidosauridae, 
Crocodilaemus Petrosuchns U. Jur. Eu., Pholidosaurys U. Jur.-L. Cret. Eu., 
Suchosaurus L. Cret. Eu. F. Dyrosauridae, Teleorhiny.^ U. Cret.. NA., Dyrosaimis 
U. Cret.-Eoc. Af., Congoaaurus PPaleoc, Af., Bhabdognathus Sokotonaurns Wurno- 
saurus Eoc. Af. F. Atoposauridae, ?Uoplosuchus U. Jur. NA., Alligatorellm 
AlUgaiorium Atoposaurus U. Jur. Eu. F. Notosuchidae, ?Brasileosaurus Cyno- 
dontosuchus Notosuchus Uruguaysuchus U. Cret. SA., Idbycosuchus U. Cret. NAf. 
F. Odniopholidae, Amphicotylus U. Jur. NA., Nannosvehm Omniasuckus Therio- 
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suchus U. Jur. Eu., Goniopholis [Hyposaiirus] U. Jur.-L. Cret. Eu., U. Jur. ?U. 
Cret. NA., L.-U. Cret. SA., Machimosaurus U. Jur. ?L. Cret. Eu., Bemissartia 
L. Cret. Eu., Shamosuchus L. Cret. EAs., Coelosuchus ?Pinacosuchm ?Pliogono' 
don ?Polydeci€s U. Cret. NA., Microsuchus Symptosuchus U. Cret. SA., Doratodon 
U. Cret. Eu., Baharijodon U. Cret. NAf. 

SUBORDER EUsucHiA. F. Hylaeochampsidae, IJylaeo'hampsa ?U. Jur. L. Cret. Eu., 
? Heterosuchm L. Cret. Eu. F. Stomatosuchidae, Stomatosuckus ?Stro7nerosuchus 
U. Cret. NAf., Dollosuchus Eoc. Eu. F. Aegyptosuchidae, Aegyptosuchus U. Cret. 
NAf. F. Crocodylidae, R. As. Af. NA. SA. Aus., Thoracosaurm U. Cret. NA. SA. 
Eu., Uolops U. Cret. NA., ?U. Cret. SA., Phohosuchus [Deinosuchus] U. Cret. Eu. 
NA., Allodaposuchus U. Cret. Eu., Necrosuchus ?U. Cret. PPaleoc. SA., Lcidyo- 
suchus U, Cret.-Paleoc. NA., ?U. Cret. SA., Crocodylm [Crocodilns Thecachamp- 
«ttl U. Cret.-Mioc. Eu., Eoc.-R. Af. NA., Mioc.-R. SA., Plioc.-R. As., Pleist.--R. 
Aus. Elnd., Navajosuchm Paleoc. NA., Asiatosuchus Eoc. As., Brojchyurano- 
champsa Orthogenysuchus Eoc. NA., Eosuchus Pristichampsus Weigeltisuchiis 
Eoc. Eu., Arambourgia Eoc.-OIig. Eu., Tomistoma Eoc.-Plioc. Af., Mioc. Eu., 
R. As., Gavialosuchus Mioc. Eu., Plioc. NA., Euthccodon Plioc. NAf., Grypo- 
suchus Leptorrhamphus BhamphostoTnopsis Plioc. SA., Emysivchus PPleist. SA., 
Pallimnarchus Pleist. Aus. F. Alligatoridae, R. NA. SA. As., Dinosuchus L. Cret. 
SA., Brachychampsa Prodiplocynodon U. Cret. NA., Bottosaurus U. Cret. NA., 
.^U. Cret. SA., Notocaiman Paleoc. SA., Ceratosuchus Paleoc. NA., Allognatho- 
suchus Paleoc.-Olig. NA., Boverisuchus Caimanosuchus Eocenosuchus Ilassiaco- 
suchus Menaialligalor liloc. Eu., Diplocynodon Eoc.-Mioc. Eu., Eocaiman Eoc. 
SA., Iliipanochampsa Olig. Eu., Alligator [Caimanoidca] 01ig.~R. NA., R. As., 
Brachygnathosuchus Proalligator Plioc. SA., Paleosxichus [Jacaretinga] l*lioc.~R. 
SA., Caiman {Punissaurus XenosuchtLs] Plioc.-R. SA., R. CA. F. Gavialidae, R. 
As., Gavialis [Ijeptorhynchus Rhamplu)stoma] Eoc. Eu., Plioc.-R. As., .^Plioc. Af., 
Pleist.-R. Elnd., Bhamphosuchus Plioc. As. 

Order Pterosauria 

SUBORDER RHAMPiioRHYNCnoiDEA. F. Dimorphodoiitidae, Campylognathus Dimorphodon 
Dorygnathus Parapsicephalus L. Jur. Eu., Rhamphocephalus M. Jur. Eu., Anu- 
rognaihus Scaphognathus U. Jur. Eu. F. Rhamphorhynchidae, ?Doraiorhynchus 
Odontorhynchus U. Jur. Eu., Rhamphorhynchus U. Jur. Eu., ?EAf., Wermodcui- 
tylus U. Jur. NA. 

SUBORDER PTERODACTYLOiDEA. F. Pterodactylidae, Ctenochasma Gnaihosaurus Belo- 
nochasma U. Jur. Eu., Pterodactylus [Ornithocephalus] U. Jur.-L. Cret. Eu., U. 
Jur. EAf. F. Omithocheiridae, Ornithocheirus [Cretornis] ?U. Jur., L.-U. Cret. 
Eu., Ornithodesmus L. Cret. Eu., Criorhynchus Lonchodectes L.-U. Cret. Eu. F. 
Pteranodontidae, Omithosioma L. Cret. Eu., Nyctosaurus [Nyctodactylus] U. 
Cret. NA., Pteranodon U. Cret. NA. Eu. 

Order Saurischia 

SUBORDER THEROPODA 

iNFRAORDBR COELUROSAURIA. F. Ammosauridae, Ammosaurus U. Trias. NA. F. 
Procompsognathidae Procompsognathus Pterospondylus U* Trias. Eu. F. Podoke- 
satsridae, Avipes Wolichosuchus lialticosaurus Saltopus Velocipes U. Trias. Eu., 
Coelophysis Podokesaurus U. Trias. NA., ?Lukou8aurus U. Trias. EAs. F, Segi* 
sauridae, ?IlaUopus Segisaurus Jur. NA. F. Coeluridae, Sarcosaurus L. Jur. Eu., 
lliosuchus M. Jur. Eu., Agrosaurus Jur, Aus. Sinocoelurus Jur. EAs., Caudocoelus 
U, Jur. Eu., Omitholesies^, Jur. NA., Elaphrosaurus U. Jur. EAI*, ?U. Cret* NAf., 
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Coelurus U. Jur. ?L. Cret. NA., Aristosiuchus Calamospondyltis Thecocoelurus 
?Thecospondyltis L. Cret. Eu., Dryptosaurus L. Cret. NA., Coeluroides Drypto- 
sauroidea Jubbulpuria Laeviatichua U. Cret. SAs., ?Fulgurotherium U. Cret. Aus. 
F. Compsognathidae, Compsognaihua U. Jur. Eu., fSaurornithoidea L. Cret. EAs., 
Vehciraptor U. Cret. EAs., Compaoauchua U. Cret. SAs., Rapator U. Cret. Aus., 
? BrdaUeoaaurm U. Cret. SA., Dromaeoaaurita U. Cret. NA. F. Omithomimideai 
Ckiroatenotea Macrophalangia ?Stenonychoaaurua Struthwmimus U. Cret. NA. 
OmithomimiLa U. Cret. NA. EAs., Claamodoaaurua Loncoaaurua U. Cret. SA., 
Betaauchtia U. Cret. Eu., Oviraptor U. Cret. EAs., Ornitkomimoidea U. Cret. SAs., 
Walgettoauchua U. Cret. Aus. 

INFRAOBDER CARNOSAtJRiA. F. Palaeosauridae, Palaeoaauriia U. Trias. Eu. F. Gry- 
ponychidae, Aetonyx Gryponyx U. Trias. SAf. F. Teratosauridae, Cladyodon 
Greaalyoaaurua Pachyaaurua Teraioaaurua [Zanclodon] U. Trias. Eu., ^Baautodon 
Wrinoaaurua U. Trias. SAf., Sinoaaurua U. Trias. EAs., Zatomua U. Trias. NA. 
F. Ceratosauridae, Proceraioaaurua M. Jur. Eu., Ceratoaaurua U. Jur. NA. ?EAf., 
?Labroaaurua U. Jur. NA. ?Eu. ?EAf. Chienkoaauriia U. Jur. EAs. F. Megalo- 
sauridae, Sarcoaaurua L. Jur. Eu., Megaloaaurua [Aggioaaurua AUiapinax Mag- 
noaaurua Poikilopleuron Streptospondylm] L. Jur.~L. Cret. Eu., U. Jur. EAf., 
Ilioatichus Nuthetea U. Jur. Eu., ?Szechuanoaaurua U. Jur. EAs. Embaaaurua L. 
Cret. WAs. F. AUosauridae Creoaaurua Saurophagua U. Jur. NA., AUoaaurua U. 
Jur. NA. ?EAf., Antrodemua L. Cret. NA. EAs., Carcharodontoaaurm U. Cret. 
NAf., Indoaaurm Indoauchua Orthogonioaaurua U. Cret. SAs. F. Spiiiosauridae» 
Bahariaaaurua Spinoaaurua U. Cret. NAf., Erectopiia U. Cret. Eu. NAf. F. Dei- 
nodontidae Aublyaodon Deinodon Genyodectea Dromaeoaaurua Gorgoaaurua Ty- 
rannoaaurua U. Cret. NA., Alhertoaaurua U. Cret. NA. ?EAs., Alectroaaurua 
? Prodeinodon U. Cret. EAs. 

INFRAORDER PROSAUROPODA. F. Thecodontosautidae Spondyloaoma M. Trias. SA., 
Yaleoaaurua [“ Anchiaaurua**] U. Trias. NA. Thecodontoaaurua U. Trias. Eu. NA. 
SAf. ?EAf. Dromicoaaurua U. Trias. SAF. Gypoaaurua U. Trias. SAf. EAs. Maa- 
aoapondylua U. Trias. SAf. EAf. SAs. F. Plateosauridae, Plateoaaurua U. Trias, 
Eu. Lufengoaaurtia Yunnanoaaurua U. Trias. EAs. F. Plateosauravidae, Euakelo- 
aaurua Gigantoacelm Plateoaauravm U. Trias. SAf. F. Melanorosauridae, Eucne- 
meaaurua Melanoroaaurua U. Trias SAf. 

SUBORDER SAUROPODA. F. Cetiosauridae, Rkaetoaaurua L. Jur. Aus., Cetwaaurua [Cetio- 
aauriacua] M. Jur.~L. Cret. Eu., Amphicoeliaa Baroaaurua Diplodocua Eloaaurus 
Haphcanthoaaurua U. Jur. NA., Dicraeoaaurua Tomieria [Gigantoaaurua] U. Jur. 
EAf., Aepiaaurua L. Cret. Eu., Macruroaaurua L.-U. Cret, Eu., Titanoaaurua L. 
Cret. Eu., U. Cret. SAs. SA., Mongoloaaurua L, Cret. EAs., Hypaeloaaurva Mag- 
yaroaaurua Succinodon U. Cret. Eu., Aegyptoaaurua U. Cret. NAf., AUmoaavraa 
U. Cret. NA., Argyroaaurua Campylodon U. Cret. SA., Antarctoaaurua U. Cret. 
SA. SAs., Laplataaaurua U. Cret. SA. SAs. Mad. F. Brachiosauridaei Boihrio- 
apondylaa M.-U. Jur. Eu., Jur. Mad., Apatoaaurua [Brontoaaurua] Dyatrophaeua 
Uintaaaurua U. Jur. NA., Brachioaaurus U. Jur. NA. EAf., Carmfosaurua [Mofo- 
aaurua] U. Jur, NA., L. Cret. Eu., Pleurocoelua [ Aatrodm] L.-U. Cret. NA., L. 
Cret. Eu., ? Algoaaaurua L. Cret. SAf., Auatroaaurua L. Cret. Aus., PeUyroaaurua 
L. Cret. Eu., Helopua Tienahanoaaurua L. Cret. EAs., AauUoaaurua Omeiaaurua 
U. Cret. EAs. **Neoaaurua” U. Cret. NA. 

Order Obnithibcria 

stTBORDBR ORNiTHOPODA. F. HypsUophodoutidae, ?Oeranoaattrua U. Trias. SAf., Dysalo- 
UmwuB U. Ju*^. EAf., HypaUophodon L. Cret. Eu., Parkaoaaurua U. Cret. NA., 
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Thescehaaurus U. Cret. NA. F. Iguanodontidae, Cryptodraco M. Jur. Eu., ? Nano- 
saurus U. Jur. NA., Laosaurus [Dryosaurtis] U. Jur. NA., Camptosaurus U. Jur.- 
L. Cret. NA., Anophsaunis }Eucercosawnis Iguanodon ?Priodontognathus Vecti- 
saurus L. Cret. Eu., Craspedodon Rhabdodon [Mocfdodon] U. Cret. Eu., Kangna- 
saurus Cret. Af. F. Hadrosauridae (Trachodoutidae), Anaiosaurus Cheneosaurus 
Claosaurus Corythosaurus Edmontosaurus Hadrosaurus Ilypacrosaurus Krito- 
saurus [Gryposaurus] Lambeosaurus Parasaurolophus Procheneosaurus [Tetrago- 
nosaurus] Prosaurolophus Thespesius U. Cret. NA., Saurolophus U. Cret. NA. 
As., Trachodon U. Cret. NA. Eu., Orthomerus Syngonosaurus U. Cret. Eu., Rac- 
trosaurus Jaxartosaurus Mandschurosaurus Nipponosaurus Tanim U. Cret. EAs. 
F. Psittacosauridae, Protiguanodon Psittacosaurus L. Cret. EAs., ^Stenopelix L. 
Cret. Eu. F. Troddontidae, Pachycephalosaurus Trobdon U. Cret. NA. 

SUBORDER STBGOSAURIA. F. ScelidosauTidae, Scelidosaurus L. Jur. Eu. F. Stegosauridae, 
Sarcolestes M. Jur. Eu., Omosaurus M.-U. Jur. Eu., Stegosaurus .^M. Jur. Eu., U. 
Jur. NA., Diracodon U. Jur. NA., Echinodon U. Jur. Eu., Kentrurosaurus U. Jur. 
EAf., Craterosaurus L. Cret. Eu., Priconodon L. Cret. NA. 

SUBORDER ANKYLOSAURiA. F. AcanthophoUdae, Ilylaeosaurus [Regnosaurus] L. Cret. 
Eu., Acanthopholis L.-U. Cret. Eu., Rhodanosaurus Struthiosaurus, U. Cret. Eu. 
F. Nodosauridae, Hoplitosaurus L. Cret. NA., Polacantkus Polacantfioides L. 
Cret. Eu., Ankyhsaurus Edmontonia Dyoplosaurus Euoplocephalus Ilierosaurus 
Nodosaurus Palaeoscincus Panoplosaurus Scolosaurus Stegopelia U. Cret. NA., 
Anodontosaurus Loricosaurus U. Cret. SA., ?Brachypodosaurus Lametasaurus U. 
Cret. SAs., Pinacosaurus U. Cret. EAs. 

SUBORDER CERATOPSiA. F. pTotoccratopsidae, Proioceratops U. Cret. EAs., Leptoc- 
eratops U. Cret. NA. F. Ceratopsidae, Anchiceratops Arrhinoceraipps Brachy- 
ceratops Chasmosaurus Ceratops Eoceratops Monoclonius Siyracosaurus Toro- 
saurus Triceraiops U. Cret. NA., Pentaceratops U. Cret. NA. As., ? Notoceratops 
U. Cret. SA. 


SUBCLASS SYNAPSIDA 

Order Pblycosauria 

SUBORDER OPHIACODONTIA. F. Ophiacodoxitidae, Clepsydrops Penn. NA., Ophiacodon 
[Poliosaurus Theropleura] Varanosaurus L. Perm. NA. ?F. Mesenosauridae, 
Mesenosaurus M. Perm. Eu. F. Eothyrididae, Baldwinonus Bayhria Eothryis 
StereophaUodon ? Tetraoeratops L. Perm. NA. 
suborder sphenacodontia. F. Varanopsidae, ? Aerosaurus ?Scoliomus Varanops L. 
Perm. NA., ? Anningia ?Elliotsmithia M. Perm. SAf. F. Sphenacodontidae, 
Macromerion Penn. Eu. Bathygnathus Ctenospondylus Dimeirodon Sphenacodon 
L. Perm. NA., Haptodus {Palasohatteria Pantelosaurus] Neosaurus Oxyodon L. 
Perm. Eu., ?Phthinosaurus M. Perm. Eu. ?Ctenosaurus L. Trias. Eu. 
suborder bdaphosauria. F. Edaphosaixridae, Edaphosaurus [Naosaurus] Penn.-L. 
Perm. Eu. NA. F. Lupeosauridae, Lupeosaurus L. Perm. NA. F. Nitosauridae^ 
Myoterosaurus [Eumaitkema] Nitosaurus L. Perm. NA. F. Caseidae Casea Coty- 
lorhynchus L. Perm. NA. ?F. Galeopsidae (Droxnasauria), Galeops Galepus M. 
Perm. SAf., Galechirus U. Perm. SAf. Edaphosauria Incertae sedis: Glaucosaurust 
Triehasaurus L. Penn. NA. 

Incertae Sedis: Suborder or Order Mesosauria. F. Mesosauridae, Mesosawrus L. 
Perm, SA. SAf., Stereostemum L. Perm. SA., Noteosaurus L, Perm. SAf, 
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Order Thera psida 

SUBORDER DINOCEPHALIA 

INFRAORDER TiTANosucHiA. F. Rhopalodontidae, Brithopus [Orikopus Dinosaurus 
Eurosaurus] Cliorhizodon Rhopalodon Tiianopkoneus M. Perm. Eu. F. Titano- 
suchidae, Anteosaurm Broomistickm [Dinosuchus] Dinartamus Dinocynodon 
Dinopolus Dinosphaegus ?Enobius Jonkeria [Dinophoneus PJioneosuchiis] Scapan- 
odon Scully a Titanognathus Titanosuchus M. Perm. SAf. 

INFRAORDER TAPiNOCEPHALiA. F. Deuterosauridae, Deuterosaurus [Mnemeiosaurus 
Uranucojfaurus] M. Perm. Eu., ?Lamiasaurus M. Perm. SAf. F. Venjukoviidae, 
Venjukovia [Myctosuchus] M. Perm. Eu. F. Tapinocephalidae, Ulemosaurus M. 
Perm. Eu., ? Archaeosuchus Ceratocephalm Criocephalus Delphirwgnathus ^Ecca- 
murus ? Lamiasaurus Mormosaurus Moschops Moschognathus Moschosaurus Pelo- 
suchus Pnigalion Struihiocephalua Tapinocephalus [Phocosaurus] Taurocephalus 
Taurops M. Perm. SAf. 

SUBORDER DicYNODONTiA. F. Dicynodontidae, Dicynodon [Dicranozygoma Eurycarpus 
Keirognathus Oudenodon] M.-U. Perm. SAf. EAf. Eu., L. Trias. EAs., M. Trias. 
SA. ?Cerataelurus M. Perm. SAf. Aulacocepkalodon [Bainia] Aulacocepkalus 
Clielyrhynchus Dicynodonioides Diictodon Dinanomodon Eocyclops Eosimops 
Mastocephalus Myosauroid.cs Orophicephalus Palemydops Pclanomodon Peloro- 
Cyclops Platycyclops Platypodosaurus Pylaecephalus Rhachicephalodon U. Perm. 
SAf., Cisticephalus Megacyclops Rkachiocephalus U. Perm. SAf. EAf., Ilaugh- 
toniana IT. Perm. EAf., Geikia Gordonia U. Perm. Eu., Kannemeyeria ISagecepka- 
lus Ptychocynodon] Myosaurus L. Trias. SAf., Dinodontosaurus Stakleckeria M, 
IVias. SA., Sinokannemeyeria M. Trias. EAs., Placerias U. Trias. NA. F. En- 
dothiodontidae, Brachyuraniscus ? Cerataelurus Chelyoposaurus Crypiocynodon 
Ctenwsaurus Diaelurodon Emydochampsa Emydopsis Emydopsoides Emydorhinus 
Emydorhynchus Emyduranus Endogomphodon Esoterodon Eumantellia Eury~ 
chororhinus Newtonella Palemydops Pristerodon [Opisthxxdenodon] Prodicynodon 
Synostocephalus Taognaihus Tropidostoma U. Perm. SAf., Endothiodon Emydops 
U. Perm. SAf. EAf., Pachytegos IJ. Perm. EAf. F. Lystrosauridae, Lystrosaurus 
[Mochlorhinus Piychognathus Ptychosiagum Prolystrosaurus Rhahdocephalus] 
L. Trias. SAf. As. ?Eu. 

SUBORDER THERIODONTIA 

INFRAORDER GORGONOPsiA. F. Gorgoiiopsidae, Broomisaurus [Scymnorhinus] Cynis- 
codon Eoarctops Eriphosioma Ilipposaurus Pachyrhinos M. Perm. SAf., Scyla- 
cognathus M.-U. Perm. SAf., Oalesuchus M.-U. Perm. EAf., Aelurosauroides 
Aloposaurus Cerdognathus Cerdorkinus Cynarioides Cynariops Cyniscnps Cyno- 
draco Delphaciognaihus [ Asihenognathus] Dinogorgon Galerhynchus Gorgonops 
Gorgonognathus Gorgonorhinus Ictidorhinus Leontocephalus Leptoirachelus Lycos- 
nodontoides Lycaenops Proruhidgea Ruhidgea Sycosaurus U. Perm. SAf., Chiweia- 
saurus Dixeya Tetraodon U. Perm. EAf., Aelurognaihus Aelurosaurus Arctognor 
tkoides Arctops Galerhinus Lycaenodon Scymnognatkus U. Perm. EAf. SAf., 
Lycaenoides Scylacops U. Perm. SAf. ?EAf., Arctognathus U. Perm. SAf. Eu., 
Inostrancevia [Amaliizkia] U. Perm. Eu. F. Burnetiidae ?Styracocephalus M. 
Perm. SAf., Bumetia U, Perm. SAf. 

INFRAORDER CYNODONTiA. F. Procynosttchidae, Parasynosvskus U. Perm. SAf., Pro- 
cynosmkuB U. Perm. SAf. EAf. F. Cynosauridae, Cynasaurus [Cynosvshus] Cyno- 
suchmdes U. Perm. SAf. F. Galesauddae, Dvinia [Perimcynodm] U. Perm. Eu., 
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Parathrinaxod^n U. Perm. EAf., Micrictodon Nanictosuckus U. Perm. SAf., Gale- 
saurus [Glochinodon] Glochinodontoides Nanictosaurus Notictosaurua Nyihosaurua 
PlatycranieUm Thrinaxodon [Ictidopsis] L. Trias. SAf. F. Cynognathidae, Bau- 
rioides Cynidiognathus Cynognathm Cynogomphins Lycaenognathus Lycognaihus 
[Lycochampsa] ?Tribolodon L. Trias. SAf. F. Chiniquodontidae, Belesodon Chi- 
niquodon M. Trias. SA. F. Diademodontidae, Cyclogomphodon Cynochampsa 
Diademodon Gomphognathus Octogomphus Protacmon Trirachodon Trirachodon- 
toides L. Trias. SAf. F. Traversodontidae, Gomphodontosuchua Traversodon M. 
Trias. SA. 

iNFRAORDSiR THEROCEPHALiA. F. Piisterognathidae, Alopecodon Alopecognathus 
Alopecorhinus Glanosuchus Hyaenosuchus Hyorhynchva Uctidoparia Lycedops 
Lycosaurua Lycoauchua Priaterognathua Scymnoaaurua ? Thenodeamna Trocho- 
rhinua Trochoaaurua Trochoauchua M. Perm. SAf., Cynariognathua M.-U. Perm. 
SAf., } Arctoauchua Scylacoidea U. Perm. SAf. F. Alopecopsidae, Alopecideopa 
Pardoauchua Scylacoaaurua [Scylacorhinua] M. Perm. SAf., Akidognathtia Alope- 
copaia Cerdoauchoidea Cerdoauckua Hofmeyeria Notaelurodon Notaeluropa U. 
Perm. SAf., Anna U. Perm. Eu. F. Whaitsiidae, Ilyenoaaurua Moachorhynchua 
Tigriatushua Whaitaia U. Perm. SAf., Moachorhinua NotoaoUaaia Theriognathua 
U. Perm. SAf. EAf., Euchamheraia U. Perm. SAf. ?Eu. F. Scaloposauridae 
Cerdodon Simorhinella M. Perm. SAf. Icticephalua Ictidoaaurua M-U. Perm. 
SAf. ? Amognathua Chaeroaauma Ictidodon Ictidognathua Ictidoatoma Ictido- 
avchoidea Iciidoauchopa Lycideopa ^Macroaceleaaurua Nanidicepkalua Nanictidopa 
Ociocynodon Pelictoauchua Scalopocephalua Scalopoaaurua Scalopoauchua U. Perm. 
SAf., EridoUwerta L. Trias. SAf. F. Bauriidae, Aeluroauchua Bauria BaurMea 
Melinodon Microgomphodon Microhelodon Seaamodon Wataoniella L. Trias. SAf. 
THERIODOMTIAINCERTAE SEDis: Mygoleaaurua Mygaleatichua Rubidgina U. Perm. SAf. 
Order Ictidosauria. F. Dromatheriidae, ?Karroomya L. Trias. SAf., ?Lycorhinua ?Pa- 
ckygenelua U. Trias. SAf., Dromatherium Microconodon U. Trias. NA. F. Trithelo- 
dontidae, Trithelodon U. Trias. SAf. F. Microcleptidae, fEozoatrodon Hyaiprym- 
nopaia Microclepiea [Microleatea] Thomaaia ? Tricuapea ? Uniaerium U. Trias. Eu. 
F. Tiitylodonti^e, Bienotherium U. Trias. EAs., Tritylodon U. Trias. SAf., Cha- 
lepotherium Mucrotherium Triglyphua U. Trias. Eu. Oligokyphua U. Trias.-L. Jur. 
Eu., Stereognathua M. Jur. Eu. 

CLASS AVES 

SUBCLASS ARCHAEORNITHEB 

Order Archaeopterygiformes. F. Archaeopterygidae, Archaeopteryx Archaeomia U. 
Jur. Eu. 

SUBCLASS KBORNITHES 

SuPERORDER OdONTOONATHAE 

Order Hesperormithiformes. F. Hesperornithidae, Hargeria Heaperomia U. Cret. NA. 
F. Enalioroithidaei Enaliomia L. Cret. Eu., Neogaeomia U. Cret. Eu. F. Bap- 
tornidiidaei Baptornia U. Cret. NA., fEupieromia Eoc. Eu. 

Order Ichthyornithiformbb. F. Ichthyomithidae, Ichihyomia U. Cret. NA. F. Apa- 
tornithidae Apaiomia ?Cimolopteryx U. Cret. NA. 

SuPBRORDBR PaLABOGNATHAE 

POrder Cabeagnatrifobmeb, F. Caeaagaathidae, CaenagnaBiua U. Cret. NA. 

<teDER STRumoNitDRMEs. StTutliidxiidae^ E. Af. W^s., StrtdMo PHoc.-^Pieist. Eu. 
As., Hioc.-E. Af., E. WAS. 
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Order Rheiformbs. F. Rheidae, R. SA., Ileierorhea Plioc. SA., Rhea Pleist.~R. SA, 

Order Casuariipormes. P. Casuariidae, R. Aus., Casuarius Pleist.-R. Aus. F. Dromi- 
ceiidae, R. Aus., Dromweius Pleist.-R. Aus. F. Dromornithidae, Dromomis Gen- 
yornis Pleist. Aus. 

Order Dinornithiformes. F. Oinornithidae, Dinornis Pleist. NZ. F. Anomalopterygi- 
dae, Megalapteryx Anomalopteryx Emeus Euryapteryx Pleist. NZ. 

Order Aepyornithiformes. F. Aepyomithidae, fPsammornis Eoc. Af., Eremopezus 
Stromeria Olig. NAf., Aepyornis Mullerornis Pleist. Mad. 

Order Aptbrygifobmes. F. Apterygidae, R. NZ., Metapteryx Pleist. Aus., Pseudapteryx 
Pleist. NZ., Apteryx Pleist.-R. NZ. 

Order Tinamiformes. F. Tinamidae, R. SA., Tinamisornis Plioc. SA., Rhynchotus 
Nothura Crypturus Tinamus Pleist.-R. SA. 

Superorder Neognatiiae 

Order Gaviiformes. F. Gaviidae (Colyxnbidae), R. Eu. As. NA., Colymboidea Eoc.- 
Olig. Eu., GavieUa Olig. NA., Gavia Pleist.-R. Eu. NA., R. As. 

Order Colymbiformes. F. Colymbidae (Podicipedidae), R. Cos., Colymbus Olig.-R. 
NA., Plioc.-R. Eu., Pleist. Mauritius, Pleist.-R. SA. As., R. Aus. Af., Podilymhua 
Aechmophorus Pleist.-R. NA., R. SA. 

Order Procbllariiformes. F. Diomedeidae, R. Oc., Dmmedea Plioc.-Pleist. Eu., 
Pleist. NZ. NA., R. Oc. F. Procellariidae, R. Oc., Puffinus Olig.-Pleist, Eu., 
Mioc.-Pleist. NA., Pleist. Aus. NZ., R. Oc., Uydrornis Phtornis Mioc. Eu., Pro- 
cellaria Mioc. Eu., R. Oc., Fulmarus Pleist. NA. Eu., R. Oc., Pierodroma Pleist. 
SA., R. Oc. F. Hydrobatidae, R. Oc. F. Pelecanoididae, R. Oc. Genus incertae 
sedis Gigantomis Eoc. Af. 

Order Sphenisciformes. F. Spbeniscidae, R. Ant. SAtl. SPac., Paheospheniscus Olig.- 
Mioc. SA., Paraspheniscus Perispheniscus Palaeoapteryodytes Argyrodyptea 
Pseudospheniscus Necidus Metancylornis Isotremornis Paraptenodytes Arthrodytes 
Treleudytea Mioc. SA., Delphinornu Mioc. Seymour Is. SA., Ichthyopteryx Eosphe- 
niacus Anthropornis Pachypieryx Orthopteryx Mioc. Seymour Is., Palaeeudyptea 
Pachydyptes Mioc. NZ., Eudyptes Pleist. NZ., R. Ant. F. Cladomithidae Clador- 
nis Cruschedula Olig. SA. 

Order Pelecaniformes 

suborder PHAfiTHONTEs. F. PhaSthontidae, R. Oc., Prophaeton Eoc. Eu., Phaethm 
Pleist. Rodriguez, R. Oc. 

SUBORDER PELECANi. F. Pelecanidae, R, Cos., Protopelecanus Eoc. Eu., Pelecanus Olig.- 
R. Eu., Plioc.-R. As., Pleist.-R. Aus. NA., R. SA. F. Cyphornithidae, Cyphomis 
Palaeochenoides Mioc. NA. F. Pelagornithidae, Argillomis Eoc. Eu., PelagomU 
Mioc. Eu., Liptornis Mioc. SA. F. Sulidae, R. Oc., Sula Olig.-Pleist. Eu., Mioc. 
NA., Pleist. Rodriguez, R. Oc., Miosula Mioc., NA., Morua Mioc.-R. NA., R. 
Oc. F. Elopterygidae, Elopieryx U. Cret. Eu., Actiomia Eostega .Eoc. Eu. F. 
Phalacrocoracidae, R. Cos., ?Graculavua Eoc. NA., Oligocorax Olig. Eu. NA., 
Phalacrocorax Olig.-R. NA. Eu., Pleist.-R. Aus. SA., R. As. Af., Miocorax Mioc. 
Eu. NA., Paracofox Plioc. Eu. As., Auatrahcorax Pleist. Aus. F. Anhingidae, R. 
As. Af. Aus. NA. SA., Anhinga Plioc. Eu., Pleist. Mauritius, Pleist.-R. Mad. 
Aus. NA., R. Af. As. SA. 

suBoiuDER FREGATAE. F« Fregatldae, R. Oc. 

SUBORDER oi>ONTOPTBRYOES. F* Odcmtopteiygldae, Odontopteryx Eoc. Eu. F. Plieudo- 
doatoniitibidaBi Paeudodoatornia Horizon ? Loc. ? 
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SUBORDER ARDEAE. F. Ardeidac, R. Cos., Botauroides Eoceornu Eoc. NA., Praherodiua 
Eoc. Eu., Golmthia Olig. NAf., Proardea Olig.-Mioc. Eu., Ardeacites Botmiriies 
Mioc. Eu., Ardea Mioc.-R. Eu., Pleist.-R. NA. SA., R. As. Aus. Af., Mesophoyx 
Pleist. Mad., R.’Af. As. Aus., Hydranassa Nycianassa Leucophoyx F/onda Pleist.- 
R. NA., R. SA., Butoridea Pleist.-R. Mauritius NA., R. SA. Af. As. Aus., Nycti^ 
corax Pleist.-R. Cos., Casmerodius Pleist.-R. NA. Wind., R. SA. Af. As. Eu. Aus., 
Ardeola Pleist.-R. Eu., R. As. Af. EInd., Egretta Pleist.-R. Eu., R. As. Af. Aus., 
Botavrm Pleist.-R. Eu. NA., R. As. Af. Aus. SA., Ixobrychus Pleist.-R. Wind. 
SA., R. Eu. As. Af. Aus. NA. Oc. F. Cochleariidae, R. CA. SA. 

SUBORDER BALAENiciPiTEs. F. Balaeiucipitidae, R. Af. 

SUBORDER cicoNiAE. F. Scopidae, R. Af. F. Ciconiidae, R. Cos., Ibidopsis Eoc. Eu., 
Palaeopkippiorhynchus Olig. NAf., Propelargus Olig. Eu., Pelargodes Olig.- 
Mioc. Eu., Ibidopodia Mioc. Eu., Protibis Mioc. SA., Ibis Mioc. Eu., Pleist. Aus. 
SA., Pleist.-R. As., R. Af. EInd., Amphipelargus Plioc. WAs., Ciconia Plioc.-R. 
Eu., Plioc.-Pleist. NA., R. As. Af., Leptoptilos Plioc.-R. As., R. Af. EInd., Pa- 
laeopelargus XenorhyncJiopsis Pleist. Aus., Palaeociconia Pleist. SA., Jabiru 
Pleist. Wind., R. CA. SA., Xenorhynchus Pleist.-R. Aus., R. SAs. EInd., Euxe- 
nura Pleist.-R. SA., Mycteria Pleist.-R. NA., R. SA. F. Threskiomithidae, R. 
Cos., Guara Ajaia Pleist.-R. NA., R. SA. Platalea Pleist.-R. Aus. Mad., R. Eu. 
As. Af., Plegadis Pleist.-R. NA., R. SA. Eu. As. Af. Aus. 

SUBORDER PHOENicoPTERi. F. Agnopteildae, Agnopterus Eoc. Eu. F. Scaniomithidae, 
Scaniornis Parascaniamis U. Cret. Eu. F. Phoenicopteridae, R. Eu. As. Af. NA. 
SA., ElornisEoc.~0\ig, Eu., Phoenicopterus Olig.-R. Eu., Plioc.-R. NA., Pleist.- 
R. SA. NA. Mauritius, R. As. Af. Palaelodus Mioc. Eu. 

Order Anseriformes 

SUBORDER ANiiiMAE. F. Anhimidae, R. SA. 

suborder anseres. F. Paranyrocidae, Paranyroca Mioc. NA. F. Anatida^, ?Gallornis 
U. Cret. Eu., Romainvillia Eoc. Eu., Eonessa Eoc. NA., Loxornis Olig. SA., 
?Chenomis Cygnopierus Olig. Eu., Anser Mioc.-R. Eu., Plioc.-R. As., Pleist.-R. 
NA., Anas Olig.-R. Eu., Mioc.-R. Af., Plioc.-R. NA., Pleist.-R. As. Aus. NA., 
Subrecent Mauritius, R. SA., Presbychen Mioc. NA., Eoneornis Eutehymis Mioc. 
SA., Cygnavus Mioc. Eu., Nyroca Mioc.-R. Eu., Pleist.-R. Aus. NZ., R. As. Af. 
SA., Cygnus Mioc.-R. Eu., Pleist.-R. NA., R. As. Af. SA., Spatula Plioc. Eu., 
Pleist.-R. NA., R. Cos., Anabernicula Plioc.-Pleist. NA., Dendrocygna Plioc.-R. 
NA., Pleist.-R. Wind. Aus., R. SA. Af. As. EInd. Oc., Mergus Plioc.-R. As. Eu., 
Pleist.-R. NA., R. SA., Chen Plioc.-R. NA., Branta Plioc.-R. NA., R. Eu. As., 
Cygnopsis Plioc.-R. As., Euryanas Cnemiornis Pleist. NZ., Chendytes Pleist. NA., 
Centromis Pleist. Mad., Archeoquerquedula Pleist. SA., Archaeocycnus Pleist. 
Aus., Nettapus Pleist. Aus., R. Af., Chenopis Pleist. NZ., R. Aus., Chenalopex 
Pleist. SA. Mad., R. Af.. Sarkidiornis Pleist. Mauritius, R. As. Af. SA., Aix 
Lophodytes Pleist.-R NA., Clangida Pleist.-R. NA., R. Eu. As., Bisdura Pleist.- 
R, Aus., Somateria Pleist.-R. Eu., R. As. NA., Polysiicia Hisirionicus Pleist.-R. 
NA., R. As., Tadorna Pleist.-R. As., R. Eu. As. Af., Melanilta Oidemia Pleist.- 
R. NA., R. Eu. As., Chauklasmus Pleist.-R. NA., R. Eu. As. NAf., Mareca 
Pleist.-R. NA., R. SA. Eu. As. NAf. 

Order Falconiformeb 

SUBORDER CATHARTAE. F. Cathartidae, R. NA. SA., Eocaihartes Eoc. Eu., Pkasmagyps 
Pcdaeogyps Olig. NA., PUsiocatkartes Olig. Eu., Sofroorhamphw Plioc,-R. NA., 
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Pleist.~R. SA., Breagyps Pleist. NA., Gymnogyps Pleist.-R. NA., VvUur Pleist. 
NA., R. SA., Cathartes Pleist.-R. NA. SA., Coragyps Pleist.-R. NA., R. SA. F. 
Teratoraithidae ?Tapinopu8 Eoc. Eu., Teratornis Caihartomis Pleist. NA. 
SUBORDER FALcoNEs. F. Sagittariidae, R. Af., Amphiserpeniarius Olig.-Mioc. Eu. F, 
Accipitridae, R. Cos., Palaeocircus ^LitJiornis Eoc. Eu., ?Teracus Olig. Eu., Pa- 
laeoplancus Olig. NA., Aquilavus Olig.-Mioc. Eu., Buteo Olig.-R, NA., Mioc.-R. 
Eu., Pleist.-R. As., R. SA. Af., Aquila Olig.-R. Eu., Plioc.-R. Af., Pleist.-R. As. 
NA., Palaeohierax Palaetus Mioc. Eu., Miohierax Mioc. NA., Proiciinia Palaeo- 
horus Mioc.-Plioc. NA., Haliaeetus Mioc.-R. Eu., Pleist.-R. NA., R. As. Af., 
Hypomorphnus Mioc.-R. NA., R. SA., Milvm Mioc.-R. Eu., Pleist.-R. As., R. 
Af. Aus., Neophrordops Plioc.-Pleist. NA., Parabuteo Plioc.-R. NA., R. SA., 
Accipiter Plioc.-R. Eu., Pleist. Mauritius Mad., Pleist.-R. Wind. Aus. NA., R. 
As. Af. SA. Oc., Neogyps Wctmoregyps Pleist. NA., Harpagornis Pleist. NZ., 
Asturaetus TaphaeUis ? Palaeolestes Necrastur PlehL Aus., Morphnm Pleist. NA., 
R. CA. SA., Spizaetus Pleist. Wind., Pleist.-R. NA., R. SA. As. EInd., Elanus 
Pleist.-R. NA., R. SA. Aus. As. Af., Neophron Gypaetus Pleist.-R. As., R. Eu. 
Af., Gyps Pleist.-R. Eu., R. Af. As. Uroaetus Pleist.-R. Aus., Aviceda Pleist.-R. 
Aus., R. Af. As., Circus Pleist.-R. NZ. NA., R. Eu. As. Af. Aus. SA. F. Pandioni- 
dae, R. Cos., Pandion Pleist.-R. NA., R. Cos. F. Falconidae, R. Cos., Thegornis 
YBadwsics Mioc. SA., Falco Mioc.-R. NA., Plioc. -R. Eu. As., Pleist.-R. NZ. 
Wind., R. SA. Af. Aus., Sushlciniu Plioc. WAs., Foetoptcrus Plioc.-Pleist. SA., 
Lagopterus Pleist. SA., Colohierax Titanohierax Pleist. NA., Polyhorua Pleist.-R. 
Wind. NA., R. SA. 

Order Galliformes 

SUBORDER GALLi. F. Megapodiidae, R. EInd. Aus,, Chosornis Pleist. Aus. F. Gallinu- 
loididae, Gallinuloides Eoc. NA. F. Cracidae, R. NA. SA., Ortalis Mioc.-R. NA., 
R. SA. F. Tetraonidae, R. Eu. As. NA., Pcdaeophasianus Eoc. NA., Palaeoalcc- 
toris Mioc. NA,, Palaeotetrix Dendragapm Pleist. NA., Tympanuchus Pedioecetes 
Bonasa Centrocercus Pleist.-R. NA., Lagopus Pleist.-R. Eu., R. As. NA. F. Pha- 
sianidae, R. Cos., Paraortix Palaeoriyx Eoc.-Mioc. Eu., ?Filholornis Olig. Eu., 
Archaeophasianus Olig.-Mioc. NA., Palaeocryptonyx Olig.-Plioc. Eu., PaUwoper- 
dix Miogallus PliogaUus Taoperdix Mioc. Eu., ? Anissolornis Mioc. SA., Miopha- 
sianus Mioc. NA., Cyrionyx Mioc.-R. NA., Francolinus Plioc. Eu., Pleisl.~R. 
As., R. Af., Gallus Plioc. Eu., PPleist. NZ., Pleist.-R. As., R. EInd., Alectoris 
Plioc. Eu., R. As. NAf., Phasianus Plioc.-Pleist. Eu., Plioc.-R. As., Colinua 
Plioc.-R. NA., R. CA. Wind., Tetrao Plioc - R. Eu., R. As., Perdix Plioc.-R. Eu., 
Pleist.-R. As., Dendroriyx Lopkortyx Oreortyx Pleist.-R. NA., Chrysolophus 
Crossoptilon Pucrctsia Tragopan Syrmaticus Pleist.-R. As., Coturnix Pleist.-R. 
As., R. Eu. Af. Aus. F. Numididae, R. Af. F. Meleagridae R. NA., Meleagris 
Olig.-R. NA., Parapavo Plioc.-Pleist. NA. 
suBORDBB opisTHocoMi. F. Opisthocomidae, R. SA. 

Order Gruiformes 

SUBORDER meboenatides. F. Mesoenatidae, R. Mad. 

SUBORDER TURNicBs. F. Tumicidae, R. Af. As. Aus., Turnix Pleist.-R. As., R. Eu. Af. 
Aus. F. Pedionomidaei R. Aus. 

SUBORDER GBUEs. F. Geranoldldae, Geranoides Eoc. NA. F. Eogruidae^ Eogrus Eoc. As. 
F. Gmidae, R. Eu. As. Af. Aus. NA., Aletomis Paragrus Ftdicaletomis Eoc. NA., 
G^runopsia Eoc. Eu., Palaeognia Eoc.-Mioc. Eu., Prohalaerba Mioc. Eu., Ur- 
miorms Plioc. WAs. Eu., Pliogrus Plioc. Eu., Grus PHoc.-R. NA., Pleist.-R. Eu. 
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As., R. Wind. F. Aramidae, R. NA. SA., ?Laorni8 Eoc. NA., Aramielltis Badu- 
tomia Olig. NA., Aramomis Mioc. NA., Euryonoim Plioc. SA., Aramris Pleist.- 
R. NA., R. SA. F. Psophiidae, R. SA. F. Orthocnexnidae, Orthocnemus Elaphro- 
cnemus Olig. Eu. F. Rallidae, R. Cos., Eocrex PalaeoraUiut ?Tehnatomis Eoc. NA., 
Telecrex Eoc. EAs., Gypsornis Eoc. Eu., Quercyralltis Eoc.~01ig. Eu., Palaeocrex 
Olig. NA., RaUus Eoc.-R., Eu. Pleist. NZ., Pleist.-R. NA., R. SA. Af. As. Aus., 
Palaeoaramides Paraortygometra Rallicrex Pararallus MioraUm Miofulica Mioc. 
Eu., Thiornis Plioc. Eu., Creccoides Plioc. NA., Gallinula Plioc.-R. NA., Pleist.- 
R. Aus. Wind., R. SA. As. Af. Oc., Aptomu Diaphorapteryx Nesolimnas Pa- 
Imolimnas Cabalus Pleist. NZ., Nesotrochw Pleist. Wind., Microiribonyx Pleist. 
Aus., Epirallus Pleist. NA., Aramides Pleist. NA., R. CA. SA., Tribonyx Pleist. 
Mad., Pleist.~R. Aus., Ocydromus Notornis Gallirallus Pleist.~R. NZ., Porzana 
Pleist.-R. Wind., R. Eu. As. Af. Aus. SA. Wind. Oc., Fidica Pleist.-R. NA. 
Mauritius Aus. NZ., R. Eu. SA. As. Af., Porphyrio Pleist.-R. Aus., R. Eu. Af. As., 
Aphanapteryx Subrecent Mauritius Rodriguez. 

SUBORDER HBLioRNiTHEs. F. Heliomithidae, R. Af. SAs. SA. 

SUBORDER RiiYNOcHETi. F. Rhjnochetidae, R. Oc. 

SUBORDER EURYPYGAE. F. Eurypygidac, R. CA. SA. 

SUBORDER PHORORHACi. F. Phoforhacidae, Andreitsarnis Olig. SA., Phor&rhacos Olig.- 
Mioc. SA., Callornis Psilopterm Pelecyomw Mioc. SA., Prophororhacus Plioc. 
SA. F. Brontomithidae, Physornis Olig. SA., Brontornis Rostromis Liomis More- 
no^Merceratia Lophiomis Ameghinia Staphylomis Palaeociconia Mioc. SA. F. 
Opisthodaclylidae, Opisthodactylus Mioc. SA. 

SUBORDER CARiAMAE. F. Bathomithidae, Bathomis Olig. NA. F. Hermosioroithidae, 
Hermosiomis Procariama Plioc. SA. F. Cariamidae, R. SA. 

SUBORDER OTiDEs. F. Otidae R. Eu. As. Af., Palaeotis Mioc. Eu., Otis Mioc.-R. Eu. 
Order Diatrymiformbs. F. Diatryxnidae, Diatryma Eoc. NA. ?Eu., Barornis OvKyrham- 
phtis Eoc. NA., Eleutherornis Eoc. Eu. F. Gastomithidae, Gastornis Remiomis 
Eoc. Eu. 

Order Charadriiformes 

SUBORDER cHARADRii. F. Jacanidae, R. Af. SAs. Aus. CA. SA., Jacana Pleist.-R. SA. 
F. RostratuUdae, R. Af. SAs. EInd. Aus. SA., Rhynchaeites Eoc. Eu. F. Haema- 
topodidae, R. Cos., Paractiomis Mioc. NA., Ilaematojms Pleist.-R. Eu. NZ., R. 
NA. SA. Af. As. Oc. F. Charadriidae, R. Cos., Dolwhopterus Olig. Eu., ?Limicola- 
tns ?01ig. NA., Vanellus Olig.-R. Eu., Pleist. SA., R. As., Charadriits [ Aegialiiis] 
Mioc.-R. NA., Pleist.-R. Eu., R. As. Af. Aus. SA. Oc., Himardoptis Mioc.-R. 
Eu., Pleist.-R. NZ., R. As. Af. NA. SA., Eupoda Pleist.-R. NA., R. As. Af. Aus., 
Oxyechus Pleist.-R. NA., R. SA. Af., Lohivanellus Pleist.-R. Aus., R. EInd. Af. 
As., Squatarola Pleist.-R. Eu., R. Af. As. NA. SA., Evdromias Pleist.-R. Eu., R. 
As. NAf. F. Scolopacidae, R. Cos., Palaeotringa ?Gracttlavus Eoc. NA., Numenius 
Eoc.-R. Eu., Pleist.-R. NA., R. Af. As. Aus. SA., Totanus Eoc.-R. Eu., Pleist.- 
R. NA. SA., R. As. Af. Aus., Pkilohda ?Eoc., R. NA., Elorius Mioc. Eu. Scolopax 
Mioc.-R. Eu., Pleist. NA., R. As. EInd., Idmoaa Mioc.-R. NA., R. Af. As. SA. 
Eu. Aus. Oc., Tringa Mioc.-R. Eu., R. As. Af. Aus., Micropalarm Plioc.-R. I^A., 
R. SA., Coenocorypha Pleist.-R, NZ., CapelRi Gcdlinago Pleist.-R. Eu. NZ. SA. 
NA., R. As. Af. Aus., lAmicola lAmnocrypies Pleist.-R. Eu., R. As., Idmnodro- 
mu8 Pleist.-R. NA., R. EAs., Afemtria Tringoides Pleist.-R. Eu., R. As. Af. Aus. 
NA. SA., Ereunetes Pleist.-R. SA., R. NA. EAs., Phihmaohus P^st-R. Eu., R. 
As, Af., Erplia Heist.-R. Eu. NA., R. Cos., Helgdirmmn PH^t-R. Eu., R. As. 
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EInd. NA. SA. F. Recurvirostridae, R. Cos., Recurvirostra Pleist.-R. NA., R. Eu. 
As, Af. Aus. SA. F. Presbyornithidae, Preshyomis Eoc. NA. F. Phalaropodidae, 
R. Eu. As. NA. Oc., Lobipes Pleist.-R. NA., R. Eu. As. Oc. F. Dromadidae, R. 
Ind. Oc. F. Burhinidae, R. Eu. As. Af. Aus. CA. SA., Milnea Mioc. Eu. F. Glareol- 
idae, R. Eu. Af. As. Aus. F. Thinacoridae, R. SA. F. Chionididae, R. Antarctic 
Ocean. 

SUBORDER LARI. F. Stercoraiiidae, R. Oc. F. Laridae, R. Oc., Limosavis Eoc. NA., Hal- 
cyomis Eoc. Eu., ?Limicolavis Olig. NA., Rupelornis Olig. Eu., Laras Olig.-R. Eu. 
NA., Pleist.-R. As., R. Af. Aus. SA., Gaviota Mioc. NA., Sterna Plioc.-R. Eu., R. 
NA. As. Af. Aus. SA., Ocyplanus Pleist. Aus., Xema Pleist.-R. NA., R. As., 
?Pseudostema U. Tert. SA., Chtidonias [Hydrochelidon] Pleist.-R. Eu. NA., R. 
Cos. F. Rynchopidae) R. NA. SA. Af. SAs. 

SUBORDER ALCAE. F. Alcidac, R. Eu. As NA. NAtl. NPac. Arc., Ilydrotherilcomis Nauii- 
lomis Eoc. NA., Miocepphus Mioc. NA., Cercyrhinca Mioc.-R. NA., R. NPac., 
Uria Mioc.-R. NA., Plioc.-R. Eu., R. NAtl. NPac., Pliolundia MancaUa Plioc. 
NA., Synihliboramphus Pleist. NA., R. NAs. NPac., Cepphua Plei8t.-R. Eu., R. 
NA. As., Aka Pleist.-R. Eu. NA., R. NAtl., Alle Pleist.-R. Eu., R. NA. NAtl. 
Arc., Fratercula Pleist.-R. Eu., R. NA. NAtl. NPac. 

Order Columbiformes 

SUBORDER PTEROCLETBS. F. PtcrocUdae, R. Eu. Af., Syrrhapies Pleist. Eu., Pleist.-R. As. 
suborder columbae. F. Dididae (Raphidae), Didus [Raphus] Subrecent Mauritius, 
Pezophaps Subrecent Rodriguez. F. Columbidae, R. Cos., Gerandia Mioc. Eu., 
Columba Mioc.-R. Eu., Plioc.-R. NA. As., Pleist. NZ. "Wind., R. Af. Aus. SA. Oc., 
Lithophaps Progura Pleist. Aus., Zenaidura Pleist.-R. NA., R. SA., Ectopistes 
Pleist.-R. NA., Homopelia Pleist.-R. Rodriguez, R. Mad., Leucosarcia Pleist.- 
R. Aus., Oreopeleia Pleist.-R. Wind., R. CA. SA., Zenaida Pleist.-R. NA. Wind. 
SA., Nesoenas Pleist.-R. Mauritius, Leptotila Claravis [Peristera] Pleist.-R. SA., 
R. CA., Geotrygon Pleist.-R. SA., R. CA. Wind., Columbigallina [Chamoepelia] 
Pleist.-R. SA. Wind., R. NA., Turtur Pleist.-R. Eu., R. Af. As. 

Order Psittaciformes. F. Psittacidae, R. NA. SA. Af. SAs. Aus., Archaeopsittacus 
Mioc. Eu., Conuropsis Mioc.-R. NA., Protoconurus Pleist. SA., Nestor Strigops 
Pleist.-R. NZ., Brotogerys Microsittace Pleist.-R. SA., Araiinga [Conurus] Amo- 
zorm Pleist.-R. SA., R. CA. Wind., Ara Pleist.-R. SA. JVInd., R. CA., Coracop- 
sis Pleist.-R. Mad., Pyrrhura Pleist.-R. SA., R. CA., Rhynohopsitta Pleist.-R. 
NA., Lophopsiitacus Subrecent Mauritius, NecropsUtacus Subrecent Rodriguez. 
Order Cuculiformes 

suborder musophaoi. F. Musopbagidae, R. Af. 

SUBORDER cucuLi. F. CucuUdae, Dynamopterus Olig. Eu., Necromis Mioc. Eu., Neo- 
morphus Pleist. NA., R. CA. SA., Coua Pleist.-R. Mad., Geococcyx Pleist.-R. 
NA., Capito Pleist.-R. SA., Saurothera Pleist.-R. Wind., Cuctdus Pleist.-R. Eu. 
R. Af. As. Aus., Diphpterus Coccyzus Pleist.-R. SA., R. NA., Crotophaga Pleist.- 
R. SA. Wind., R. NA., Piaya Pleist.-R. SA., R. CA. Wind. 

Order Strigifobmes. F. Protostiigidae, Protoatrix Eoc. NA. F. Tjrtonidae, Tyto Plei8t.-R. 
Wind. NA.. R. SA. As. Eu. Af. Aus. F. Strigidae, Bubo Olig.-R. Eu.. Pleist-R. 
NA. As., R. NAf., Sirigogyps Necrobyas Olig. Eu., Asw Olig.-R. Eu., Pleist.-B. 
Af. NA. SA. As., R. Aus., 5fr?a; ISymium] Mioc.-R. Eu., Pleist.-R. NA. SA., R. 
As. Af, Aus,, Olaucidium Plioc.-R. Eu., Pleist.-R. NA. SA., R. As. Af. Elnd., 
Athene Plioc.-R. Eu., Pleist. Rodriguez, Pleist.-R. As. CA,, Oymmsio Pleist.-R. 
WIa4.f Scdoglauss Pleist~R NZ„ AegoHus Pleist.-R. NA. Eu., R. As. SA., Keiu- 
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pa Pleist.-ll. As., 11. Bind., Nyctea Stirnia Pleist.-R. Eu., R. As. NA., Scops 
Speotyto Pleist.-R. NA. SA., Otus PIeist.~R. NA., R. As. Af. SA. Bind. Bu. 

Order CAPRIMULGIiX)RMER 

SUBORDER sTEATORNiTHEs. F. Steatonuthidae, R. SA. 

SUBORDER cAPRiMULGi. F. Podargidac, R. SAs. Bind. Aus. F. Nyctibiidae, R. SA. CA., 
Nyctibim Pleist.-R. SA., R. CA. F. Aegothelidae, R. Aus. F. Caprimulgidae, R. 
Cos., CaprimulgtLs Plioc.-R. Eu., Pleist.-R. Wind. SA., R. As. Bind. Af. NA., 
Hydropsalis Ekothreptus Pleist.-R. SA., Nyctidromm Pleist.-R. SA., R. NA., 
Phalaenoptilua Pleist.-R. NA. 

Order Micropodiformes 

SUBORDER MiCROPODi. F. Aegialomithidae, Aegialornis Olig. Eu. F. Micropodidae, 
Cypselavus Olig.-Mioc. Eu., ?Limnatorni8 Mioc. Eu., Collocalia Mioc. Eu., R. 
As. EInd., Cypselm Mioc.-R. Eu., Pleist.-R. As., R. Af., CJiaetura Pleist.-R. SA., 
R. NA. As. A^ EInd. F. Hemiprocmdae, R. SAs. EInd. 

SUBORDER TRocHiLi. F. Tfochilidae, R. NA. SA. 

Order Coliiformes. F. Coliidae, R. Af. 

Order Thogoniformes. F. Trogonidae, R. Af. SAs. Aus. CA. SA., Archaeotrogon Para- 
irogon Olig. Eu., Trogon Mioc. Eu., Pleist.-R. SA., R. CA. 

Order Coraciiformes 

SUBORDER ALCEDiNEs. F. Alceduudae, R. Cos., Alcedo Pleist.-R. Eu., R. As., CeryU 
Pleist.-R. SA., R. NA. As. Af. EInd. Eu. F. Todidae, R. Wind. F. Momotidae, R. 
CA. SA., Momotus Pleist.-R. SA., R. CA. 

SUBORDER MEROFEs. F. Meropidac, R. Af. As. EInd. Aus. 

suborder coracii. F. Coraciidae, R. Eu. As. Af. Aus., Geranopterus Mioc. Eu., Coracias 
Pleist.-R. Eu., R. As. Af. EInd. F. Leptosomatidae, R. Mad. F. Upupidae, R. Eu. 
As. Af. Aus., Upupa Pleist.-R. Eu., R. As. Af, Aus. F. Phoeniculidae, R. Af. 
SUBORDER BUCEROTES. F. Bucerotidac, R. Af. SAs. Aus., ?Geisiloceros Eoc. Eu. 

Order Piciformbs 

suborder galbuixAE. F. Galbulidae, R. CA. SA. F. Bucconidae, R. SA. CA., Pucco 
Pleist.-R. SA., Malacoptila Pleist.-R. SA., R. CA. F. Capitonidae, R. SA. Af. 
SAs. Aus. F. J[ndicatozidae, R, Af. As. Aus, F. Ramphastidae, R. SA. CA., Ram- 
phastos Pleist.-R. SA., R. CA, 

suborder pici. F. Picidae, R. Eu. As. Af. EInd. NA. SA., fCryptomis Eoc. Eu., ? Uin- 
tornis Eoc. NA., Palaeopicus ?Homalopus Mioc. Eu., Picm Mioc.-R. Eu., R, 
As., Dendrocopos Plioc.-R. Eu., R. As. NAf. NA. CA., lynx Plioc.-R. Eu., R. As. 
Af., Dendrocoptes Plioc.-R. Eu., R. WAs., Coephloeus Pleist. NA., R. CA. SA., 
Leuconerpes Chrysopiilus Pleist.-R. SA., Gecinus Pleist.-R. Eu., R. As. EInd. 
NAf., Asyndeamm Pleist.-R. NA., Colaptes Pleist.-R. NA. SA., Melanerpes 
Pleist.-R. Wind. SA., R. NA. 

Order Passeriformes 

SUBORDER EURYLAiMi. F. Etuylaimidae, R. SAs. EInd. 

SUBORDER TYRANNi. F. Dendfocolaptidae, R. SA. CA., Picdaptes Xiphocolaptes Pleist.- 
R. SA., R. CA. F. Fumariidae, R. NA. SA., Synallaxis Fumarius Pleist.-R. SA. 
F. Formicanidae, R. CA. SA., Chamaeza Pleist.-R. SA. F. CoDopophagidaei R. 
SA. F. Rliixiociyptidae, R. CA. SA. F. Cotingidae, R. NA. SA. Procnias Pleist-R. 
SA. F. Pipridae, R. CA. SA. F. Tyramddae, R. NA. SA., Tdirmckua Pleist.-R. 
Wind., Tyrannua MyriaTchua Blacicua Pleist.-R. Wind., R. NA. SA. F. Oxynin- 
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cidae, R. CA. SA. F. Ph 3 rtotomidae, R. SA. F. Pittidae, R. Af. SAs. Aus. F. Acan- 
thisittidae, R. NZ. F. Philepittidae, R. Mad. 

SUBORDER MENURAE. F. Mentuidae, R. Aus. F. Atrichomithidae, R. Aus. 

SUBORDER PA8SERES. F. Alaudidae, R. Cos., Alauda Plioc.-R. Eu., Pleist.-R. As., R. 
NAf., Otocorys Pleist.-R, Eu. NA., R. As. NAf., Galerida Pleist.--R. Eu. As., R. 
Af., Lullula Pleist.-R. Eu., R. WAs. F. Palaeospizidae, Palaeospiza Mioc. NA. 
F. Hirundinidae, R. Cos., Hirundo Plioc.-R. Eu., Pleist.-R. As. SA., R. NA. Af. 
Aus., Riparia Pleist.-R. Eu., R. As. NA. SA., Petrochelidon Pleist.-R. NA. 
Wind., R. SA. Af. As. Aus., CJielidon Pleist.-R. Eu., R. As. Af. EInd. F. Campe> 
phagidae, R. Eu. As. Af. Aus. F. Dicruridae, R. Af. SAs. Aus. F. Oriolidae, R. Eu. 
As. Af. Aus., Oriolus Pleist.-R. Eu., R. As. EInd. Af. F. Corvidae, R. Cos., Mio^ 
corax Mioc. Eu., Corvus Mioc.-R. Eu., Pleist.-R. NA. Wind. As., R. Af. Aus., Pyr- 
rhocorax Plioc.-R. As., Pleist.-R. Eu., Coloeus Pleist.-R. Eu., R. As., Pica Pleist.- 
R. Eu. NA. As., R. NAf., Nucifraga Pleist.-R. Eu., R. As. NA., Garrulvs Pleist.- 
R. Eu., R. As. NAf., Cyanocorax Pleist~R. SA., Cyanocitta Aphelocoma Cyano- 
cephalm Pleist.-R. NA., Palaeocorax Pleist. NZ. F. Paradiseidae, R. EInd. Aus. 
F. Paradozomithidae, R. EInd. Aus. F. Paridae, R. Eu. As. Af. NA., Palaegitha- 
las Eoc. Eu., Parus Plioc.-R. Eu., R. As. EInd., Aegithalm Plioc.-R. Eu., R. 
As,, Pcnthcutes Pleist. R. NA. F. Sittidae, R. Eu. As. Aus. NA. Mad., Sitla Plioc.- 
R. Eu., Pleist.-R. NA., R. As, F. H3rposittidae, R. Mad. F. Certhiidae, R. Eu. As. 
NA. Aus., Certhm Plioc.-R. Eu., R. As. NA. F. Chamaeidae, R. NA., Chamaxa 
Pleist.-R. NA. F. Timaliidae, R. Eu. As. Af. Aus., Pierorhinas Pleist.-R. As. F. 
Pycnonotidae, R. Eti. As. Af. Aus. NA. SA., Pycnonotus Pleist.-R. As., R. Af. 
EInd. F. Cinclidae, R. Eu. As. NA., Cinclus Pleist.-R. Eu., R. As. NA. SA. F. 
Troglodytidae, R. Eu. As. EInd. NA. SA., Troglodytes Pleist. Eu., R. NA. SA. F. 
Mimidae, R. NA. SA., Mimas Pleist.-R. Wind. SA., R. NA., Margarops Pleist. 
Wind., Oreoscoptes Toxostoma Pleist.-R. NA. F. Turdidae, R. Cos., Praiincola 
Plioc.-R. Eu., R. As. Af., Monticola Plioc.-R. Eu., R. As. NAf., Turdm Plioc.- 
R. Eu., Pleist.-R. As. SA. NA., Mimocichla Pleist.-R. Wind., Smlm Pleist.-R. 
NA., Saxicola Pleist.-R. Eu., R. Af. As. NA., Phoenicurus Pleist.-R. Eu., R. As. 
Af., Erithacus Luscinia Pleist.-R. Eu., R. As. F. Zeledoniidae, R. CA. F. Sylvii- 
dae, R. Eu. As. Af. Aus. Oceania, Sylvia Olig.-R. Eu,, R. As. Af., PhyUoscopus 
Pleist.-R. Eu. As., R. Af., Locustella Pleist.-R. Eu., R. As. EInd. NAf., Acro- 
cephalus Pleist.-R. Eu., R. As. Af. Aus. Oceania F. ReguUdae, R. Eu. NAf. As. 
NA., Regidua Pleist.-R. Eu., R. NAf. As. NA, F. Muscicapidae, R. Eu. As. Af. 
Aus. F. Prunellidae, R. Eu. As., Prunella Pleist.-R. Eu., R. As. F. Motacillidae, 
R. Cos., Anthus Plioc.-R. Eu., R. Af. As. Aus. NA. SA., MotacUla Mioc.-R. Eu., 
Pleist.-R. As., R. NAf. NA. F. Bombycillidae, R. Eu. As. NA., BombyciUa Pleist. 
Eu. NA., R. As. F. Ptilogonatidae, R. CA. SA. F, Dulidae, R. WTnd.F. Artamidae, 
R. Af. SAs. Aus. F. Vangidae, R. Mad. F. Laniidae, R. Eu. As. Af. Aus. NA., 
LauriUardia Eoc. Eu., Lanius Mioc.-R. Eu., Pleist.-R. NA., R. As* Af. F* Prionop- 
idae, R. Af. SAs. Aus. F. Cyclarhidae, R. CA. SA. F. Vlredaniidae, R. CA. SA. 
F. Stumidae (incl. Gractilidae), R. Eu. As. Af. Aus., Stumm Pastor Pleist.-R. 
Eu., R. As., Hetarolocha Necropsar Pleist. Rodriguez, Pleist.-R. NZ. F, Meli- 
threptidae, R. Aus. F. Nectariniidae, R. Af . SAs. Aus. F. Dicaeidae, R. Af. SAs. 
Aus. F. Zosteropidae, R. Af. As. Aus. F. Vireonidae, R; NA. SA., Vireosylva 
PleisL-R. Wind., R. NA. SA. F. Coerebidae, R. CA. SA. Wind,, Coereba Pleist.- 
R. Wind., R. CA. SA. F, Orepanididaei R. Hawaiian Is. F. Compsotfalypidae, R. 
NA. SA., MnioHita Dendfoeca Pleist.-R. Wind., R. NA. SA. F. Floceidae, R. Eu. 
As. Af. Aus. Passer Olig.-^R, Eu., PleisL-R. As., R. Af. EInd. F. Icterldaei R. NA. 
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SA., Pyehrhampvs Pleist. NA., Agelaius Pleist-R. NA. Wind,, R. SA., Icterus 
Pleist.-R. WTnd., R. NA. SA., Sturnella Pleist.-R. NA., R. SA., Xanthocephalus 
Quiscalus Pleist.~R. NA., Cassicus Pleist.-R. SA., R. CA., Euphagus Cassidix 
[MegaquiscaltLs] Pleist.-R. NA., R. CA., SA. Pseudoleistes Aphobus Pleist.-R. SA. 
F. Tersinidae, R. NA. SA. F. Thraupidae, R. NA. SA., Spindalis Pleist.-R. Wind., 
Holoquiscalus Pleist.-R. WTnd., R. SA. F. Catambl 3 rrh 3 rnchidaey R. SA. F. Fiingil- 
lidae, R. Cos., Fringilla Mioc.-R. Eu., PPlioc. NA., Pleist.-R. As., R. NAf., Pal- 
aeostruthus Plioc. NA., Spinus Pleist.-R. NA., R. SA. Eu. As. Af., Junco Amphia- 
piza PassereUa Pipilo Spizella Pleist.-R. NA., Saltator Pleist.-R. SA., R. CA. 
Wind., Montifringilla Pinicola Plectrophenax Pleist.-R. Eu., R. As. NA., Cocco- 
thramtes Pleist.-R. Eu. As., R. NAf., Carduelis Pleist.-R. Eu., R. NAf. WAs., 
Linaria Pleist.-R. Eu., R. As. NAf. NA., Serinus Pleist.-R. Eu., R. Af. WAs., 
Pyrrhula Chloris Pleist.-R. Eu., R. As., Loxia Pleist.-R. Eu. NA., R. NAf. As., 
Emheriza Pleist.-R. Eu. As., R. Af., Carpodaeus Pleist.-R. As., R. Eu. NA., Loxi- 
gilla Tiaris Pleist.-R. Wind., Cotumiculus Pleist.-R. AVInd., R. NA. 

PASSBRIFX^RMES INCERTAE SEDis. Protornis Eoc. Eu., Hebe Eoc. NA., Fontinalis Mioc. 
NA. 

Aves Incektae Sedis. fljooptcryx U. Jur. NA., Eopteryx Kocj. NA. 

CLASS MAMMALIA 

SUBCLASS PROTOTHERIA 

Order Monotremata. F. Ornithorhynchidae, R. Aus., Ornithorhy^ickm Pleist.-R. Aus. 
F. Echidnidae (Tachyglossidae), R. Aus., Echidna [Tachyglossm] Pleist.-R. Aus. 

SUBCI^SS THERIA 

INFBACLASS UNCERTAIN 

Order Triconodonta. F, Triconodontidae, Amphilestcs Phascohtherium M. Jur. Eu., 
Triconodon U. Jur. Eu,, Triorojcodon U. Jur. Eu. NA., Aploconodon PhcLscolodon 
Priacodon U. Jur. NA. 

Order Symmetrodonta. F. Spalacotheriidae, Peralestes Spalacotherium IT. Jur. Eu. F. 
Amphidontidae, Amphidon ?Eurylambda TinodoJi U. Jur. NA., Manchurodon 
Jur. As. 

INFRACLASS ALLOTHBRIA 

Order Multituberculata. F. Fiagiaulacidae, Bolodon Plagiaulax U. Jur. Eu., Ctena- 
codon U. Jur. Eu. NA., Psalodon U. Jur. NA., Loxauldx L. Cret. Eu. F. Ptilodont- 
idae, Cimolomys Essonodon Meniscoessus Paronyckodon XT. Cret. NA., Djadoch- 
tatherium U. Cret. As., Ancomodon Kimheiohia Litothsrium Mesodma Microcos- 
modon Parectypodus Peniacosmodon Ptilodus Paleoc. NA., Liotomus Neoctenodon 
Neoplagiaulax Paleoc. Eu., Ectypodus Eucosmodon Neoludomus Procketodon 
Paleoc.-Eoc. NA. F. Taeniolabidae, Catopaalis Taeniolabis [Polymastodon] Pa¬ 
leoc. NA., Prionessus Sphenopsalis Paleoc. As. 

INFRACLASS PANTOTHEBIA 

Order Pantotheria (Tritubbrculata). F. Amphitheriidaey Amphiiherium M. Jur. Eu. 
F. Dryolestidae, Dryclestes Euthlastes Il&rpeiairus Kepolestes Laolesies Maltha- 
eokstes Melanodon Miccylotyrans Pelicopsia U. Jur. NA., Kvrtodon Peraspalax 
Phaseolestes U. Jur. Eu,, Amblotkerium U. Jur. Eu. NA. F. Paurodontidaef Btan- 
cathendum U. Jur. Af., Araeodon Arckaeotrigon Pawrodon TaUmdon O. Jur. NA., 
Peramus U. Jur. Eu* F, Bocodontidaei Diorocynodm Docodm Ennmsadm 
Jur. NA., Paraiocg^nudon U. JuTitiEu. 
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INFRACLABS METATHEBIA 

Order Marsupialia 

SUBORDER POLYPBOTODONTA. F. Didclphidae, R. NA. SA., Alphodon Cimolestea Delpho- 
don Diaphorodon Didelphodon Ectoconodon Eodelphis Euangelistes Nysaodon 
Pediomys Tfiaelodon U. Cret. NA., Peradectes Thylacodon Paleoc. NA., ^Gash- 
ternia Paleoc. SA., Adapisoriculus Paleoc. Eu., Coona Ideodelphis Eoc. SA., Pera- 
therium Eoc.-Mioc. Eu- NA., Nanodelphys Olig. NA., Microbiolherium Olig.- 
Mioc. SA., Ilyperdidelphys Notictis Oligobiotherium Pachybiotherium ProdideU 
phys Stylognathus Mioc. SA., Cladodidelphys Paradidelphys Plioc. SA., hutreo- 
lina Plioc.-R. SA., Didelphis Plioc.-R. SA., Pleist.-R. NA., Caluromys Chiro- 
nectes Marmosa Metachirus Peramys Pleist.-R. SA. F. Caroloameghiniidae, Caro- 
loameghinia Eoc. SA. F. Borhyaenidae, Patene Paleoc.-Eoc. SA., Arminiheringia 
Dilestes Piievdocladosictis Eoc. SA., Procladosictis Eoc.-Olig. SA., Notogcde Pkar- 
sophorus Proborhyaena Olig. SA., Borhyaena Cladosictis Olig.-Mioc. SA., Aero- 
cyon Agustyhia Apera Conodonictis Ictioborus Lycopsis Napodonictia Perathe- 
reuiea Prothylacinua Pseudohorhyaena Pseudothylacimta Sipalocyon Thylacodictia 
I Amphiproviverra] Mioc. SA., Achlysiciis Acrohyaenodon Hyaenodorwpa Noto- 
(ynus Parahyaenodon Perazoyphium SparaasocyntLS Stylocymts Thylacoamilus 
Plioc. SA. F. DaS 3 ruridae, R. Aus., Dasyurus Phascogale Sarcophilua Thylacinua 
Pleist.-R. Aus. F. Notoryctidae, R. Aus. ?F, Necrolestidae, Necroleatea Mioc. SA. 
F. Peramelidae, R. Aus., Isodd/m Perameles Paragedia Pleist.-R. Aus. 

SUBORDER CAENOLESTOiDEA. F. Polydolopidae, Seumadm Paleoc. SA., Polydolopa Pa¬ 
leoc.-Eoc. SA., Amphidolopa Arwdolopa Anisaodolopa Archaeodolopa Evdolopa 
Odoniomyaops Orthodolops Pliodolops Promysopa Propolymaatodon Paevdolopa 
Eoc. SA. F. Caenolestidae, R. SA., Progarzonia Eoc. SA., Micrabderiles Palae- 
epanorthus Pitheculites Paend/utlmarhiphva Olig. SA., Ahderites CaUomenua Gar- 
zonia Parabderites Pilchenia Olig.-Mioc. SA., Acdectia Decaatia Dipilna ?Eoman- 
nodon EaaoprUm Hahnadromus Ilalmarhiphua Halmaselus ?Mannodon Metrio- 
cJiomus Palaeothentea [Epanorthus] Parhalmarhiphus Pichipilus Prepanorihua 
Stilotherium Tideua Mioc. SA., Zygolestcs Plioc. SA. 

SUBORDER DiPROTODONTA. F. Phalangeridae, R. Aus., Wynyardia Mioc. Aus., Archi- 
zonurua Burramya Koalemua Pedaeopeiaurua Pleist. Aus., Cvscua Dromida Pe- 
taurua Paeudochirua Trichoaurua Pleist.-R. Aus., Phalanger Pleist.-R. EInd., R. 
Aus. F. Macropodidae, R. Aus., BrachaUetea Palorcheafea Procoptodon Propleoptts 
Protemnodon Sthenurua Synaptodon Pleist. Aus., Aepyprymnua Bettongia Ma- 
CTopus Petrogale Potorotia [Hypaiprymnodon] Thylogale Pleist.-R. Aus. F. Phaaco- 
lomyidaC) R. Aus., Phaacohnvs Pleist. Aus., Phascolarcioa Phaacohmya Pleist.- 
R. Aus. F, Diprotodontidae, Diprotodon Euomnm Euryzygoma Nototkerium 
Stheronerua Zygomaiurua Pleist. Aus. F. Thylacoleontidae, Thylcuioleo Pleist. Aus. 


INFRACLASS EUTHBRIA 


Order Insectivora 

SUBORDER ZALAMBDODONTA 

SUPBRTAMILY DELTATHERiDioiDEA. F. Deltatheridiidae, DeUathsridium Deltatheroidea 
Hyotheridium U. Cret. As., Acmeodon Oelaatopa Puercoleatea Paleoc. NA., Didst- 
phodna Phenacopa Eoc. NA. 

BUPERFAMiLY CENTETOIDBA. F* Palaeotyctidaei Palaeoryctea Paleoc. NA. F. Sole- 
nodontidaei R, Wind., Aptemodua Clinoptemodua Micropternodua Olig. NA. F. 
Centetidaei E, Mad., CenUtea [Tmrec] Mierogak Pleist.~B. Mad. F. Pdtamogali- 
d6eE.WAf. 
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supBRFAMiLY cHRYsocHLC)RoiDEA. F. Chrysochloridae, R. SAf., ? Arctoryctes Mioc. 
NA., Proamblysomus Pleist. SAf., Chlorotalpa Pleist.-R. SAf. 

SUBORDER DILAMBDODONTA 

SUPERFAMILY ERiNACEOiDEA. F. Zolambdalestidae, Zalamhdalestes U. Cret. As. F. 
Leptictidae, Gypsonictops U. Cret. NA., ?Acmeodon Emperodon Lepiacodon ?Lito- 
lesies Myrmecohoides Prodiacodon [Palaeokstes] ?Xenacodon Paleoc. NA., ?Prao- 
ledes ?Psevdictops Paleoc. As., Diacodon Paleoc.-Eoc. NA., Adapisorex Paleoc.- 
Eoc. Eu., Parictops Protictops Eoc. NA., Ictops Leptictis Olig. NA. F. Dimylidae, 
Cordyhdon Dimylm Metacordyhdon PUsiodimylus Mioc. Eu. F. Erinaceidae, R. 
As. Af., Entomolestes Proterixoides Eoc. NA., Necrogymnvrus Eoc.-Olig. Eu., 
Palaeoerinaceus Eoc.-Mioc. Eu., Mioc. Af., Metacodon Proterix Olig. NA., Tetra- 
cus Olig. Eu., Palaeoscaptor Tupaiodon Olig. As., Brachyerix Parvericius Mioc. 
NA., Galerix Lanthanotherium Parasorex Pseudogalerix Mioc. Eu., Metechinus 
Mioc.-Plioc. NA., Erinaceus Mioc.-R. Eu., Pleist.-R. As. NAf., Meterix Plioo. 
NA. 

SUPERFAMILY soRicoiDEA. F. Nyctitheiiidae, Protentomodon Stilpnodon Paleoc. 
NA., Centetodon Myolcstes NyctitJierium Eoc. NA. F. Soricidae, R. Eu. As. Af. 
NA., Saturninia Eoc. Eu., Macrosorex Plesiosorex Olig. Eu., Protosorex Olig. NA., 
Limnoecus Mioc. NA., Ileterosorex Trimylus Mioc. Eu., Sorex Mioc.-R. Eu., 
Plioc.-R. NA., Pleist.-R. As., Crocidura Mioc.-R. Eu., Pleist.-R. As. Af., Mydip- 
terus Plioc. NA., Blarina Plioc.-R. NA., Anourosorex Plioc.-R. As., Blatirwlla 
Plioc.-R. As., Pleist. Eu., Beremendia Pleist. Eu., Soricuhu^ Pleist.-R. Eu. Af., 
Neomys Pleist.-R. Eu. As., Cryptotis Microsorex Pleist.-R. NA. F. Talpidae, R. 
Eu. As. NA., Amphidozotherium Eoc.-Olig. Eu., Geotrypus Olig. Eu., Geolabts 
Olig. NA., Proscalops Olig.-Mioc. NA., Proscapaniis Scaptogale [Echinogale] 
Mioc. Eu., Talpa Mioc. NA., Mioc.-R. Eu., Pleist.-R. As., Dcsmana [Mygale] 
Mioc.-R. Eu., R. As., Scapionyx Mioc. Eu., R. As., Heeperoscalops Plioc. NA., 
Scalopus Scapanus Plioc.-R. NA., Scapanulus Plioc.-R. As., Scaptochirm Pleist.- 
R. As., Parascalops Pleist.-R. NA. F. Nesophoutidae, Nesophontes Pleist. Wind. 
SUPERFAMILY PANTOLESTOiDBA. F. Pantolestidae, Aphrorurrus Bessoecetar Penta- 
codon Propalaeosinopa Paleoc. NA., Palaeosinopa Paleoc.-Eoc. NA., Eoc. Eu., 
Pantolesies Eoc. NA. 

suPERFAMiLY MACRoscBLiDOiDEA. F. Macioscelididae, R. Af., ?Pseudorhynckocyon 
Olig. Eu., Elepkanivhis Macroscelides Pleist.-R. Af. 

SUBORDER MixoDECTOiDA. F. Mlxodectldae, DracontoUstes Eudaemonema Elpidophorm 
Indrodon Mixodectes ?Unuchinia Paleoc. NA., Craseops Cynodontomys Micro- 
ayops Eoc. NA. 

SUBORDER DERMOPTBRA. F. Plagiomenidae, Planetetkerium Paleoc. NA., Plagiomene 
Eoc. NA. F. Galeopithecidae, R. EJnd. 

iNSECTivoRA INCERTAE SEDis. Apheliscus ?Coriphagus Megapterna Picrodm Zanycteris 
Paleoc. NA. 

Order Chiroptera 

SUBORDER microchiboptera. F. Rhixiopomidae, R. As. Af. F. Emballonuridae, R. SA. 
CA. Af. As. Aus., Vespertiliaws Eoc.-Olig. Eu., Taphozous ?Eoc., Olig. Eu., 
Pleist.-R. SAs., R. Af. Aus., Saccopteryx Pleist.-R. SA. F. Noctilionidae, R. CA. 
SA. Wind. F. Nycteridae, R. Af. EInd. F. Megadennidae, R. Af. SAs. EInd. 
Aus., NecrommUis Eoc.-OHg. Eu., Mcgaderma ?Mioc. Eu., Pleist.-R. As., R. 
EInd. F. Rliinolopliidae, R. Eu. Af. SAs. Aus., Rhinolophua Eoc.-R. Eu., Pleist.- 
R. SAs., R. Aus., Palaemyderu OUg. Eu. F, Hipposideiidae, R. Af. SAs. Aus., 
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Palaeophyllophora Eoc.-Olig. Eu., Paraphyllophora Pseudorhinolophtis Eoc.- 
Mi<)c. Eu., Aaellm Pleist.-R. WAs. Mad., R. Af. F, Phyllostomatidae, R. NA. 
SA., ?Paleurycteris Eoc. Eu., Provampyrus Vampyravus Olig. Af., BrachyphyUa 
Erophylla MacroUis Monophyllus Phyllonycteris Phyllops Stenodenna Pleist.-R. 
Wind., Artiheus Chilonycieris Mormodps Pleist. -R. Wind., R. SA., Anthorhina 
Carollia Chiroderma Chrotopterus Glossophaga Lonchoglossa Micronycteris PhyU 
lostomtis Pygoderma Sturnira Vampyrops Pleist.-R. SA. F. Desmodontidae, R. 
SA. CA., Desmodus Pleist.-R. SA., R. CA. F. Natalidae, R. SA. CA., Natalus 
Pleist.-R. SA., R. CA. F. Furipteridae, R. SA. F. Thyropteridae, R. SA. CA. F. 
Myzopodidae, R. Mad. F. Vespertilionidae, R. Cos., Nycterobius Eoc.-Olig. Eu. 
Myotis Olig.-R. Eu., Pleist.-R. As. NA., R. NAf. EInd. Aus., Vespertilio Mioc.- 
R. Eu., Pleist.-R. NA., Samonycteris Plioc. WAs., Pipistrellzis Plioc.-R. NA., 
Pleist.-R. Eu., R. As. NAf. EInd. Aus., Simonycteris Pleist. NA., Antrozous 
Pleist.-R. NA. Wind., Corynorhinus Pleist.-R. NA., Eptesicus Pleist.-R. NA. 
SA. Eu., R. Af. As. Aus., Histiotvs Pleist.-R. SA., Lasiurus Pleist.-R. SA., R. 
NA. Barhastella Pleist.-R. Eu. NAf. WAs., Minwpterus Pleist.-R. Eu. Cyprtis, 
R. NAf. As., Plecotus Pleist.-R. Eu. As., R. NAf. F. Mystacopidae, R. NZ. F. 
Molossidae, R. Cos., Nyctimmu8[Tadaria] Mioc.-R. Eu., Pleist.-R. NA. Wind., 
R. SA. Af. SAs. EInd. Aus., Pleist.-R. NA. SA. Microchiropteraincertae 

sedis: Archaeonycteris Cecilionycterisy Palaeochiropteryx Paradoxonycteris Eoc. 
Eu., Alastor Eoc.-Olig. Eu. 

SUBORDER MEC5ACHIBOPTERA. F. Pteropodidac, R. As. Af. Aus., Archaeopteropus Olig, 
Eu., Bousellus Mioc. Eu., R. Af. SAs. EInd., Pteropus Pleist.-R. Mad. EInd. 
R. SAs., Aus. 

Order Tillodontia. F, Tillotheriidae, EMonyx Palcoc.-Eoc. NA., Eoc. Eu., Anchip- 
podus Tillotherium Trogosits Eoc. NA. 

Order Taeniodontia. F. Stylinodontidae, Conoryctella Conoryctes Onychodectes Wort- 
mania Paleoc. NA., Psittacotherivm Paleoc.-Eoc. NA., Ectoganus Calamodon 
Stylinodon Eoc. NA. 

Order Primates 

SUBORDER lemuroidea. F. Axiagalidae, Anagale Olig. As. F. Tupaiidae, R. EInd. F. 
Plesiadapidae, ChiromyoidesPdXeoc. Eu., Pronothodcctes Paleoc. NA., Plesiadapis 
[Nothodectes] Paleoc. Eu., Paleoc. ?Eoc. NA., Platyckoerops Megachiromyoidea 
Eoc. Eu. F, Adapidae, Adapi^ Amphilemur Anchomomys Caenopithecus ?Ce- 
ciliolemur ?Europolemur Pronycticebus Protoadapis Eoc. Eu., ? Adapidium Eoc. 
As., Aphanolemur Notharctns Pelycodua Eoc. NA. F. Lemtuidae, R. Mad., Ar- 
chaeoindria Archaeolemur Hadropiihecua Megaladapia Megalindria Meaopropithe- 
cus Neopropithecua Neaopithecua Palaeopropithecua Peloriadapia Prokapahmur 
Pleist. Mad., Avahia Cheirogaleua Indria Lemur Lepilemur Projntkecua Pleist.-R. 
Mad. F. Chiromyidae, R. Mad., Chiromya [Daubentonia] Pleist.-R. Mad. F, Lori- 
sidae, R. SAs. Af., Progalago Mioc. Af., Indraloria Plioc. SAs. 

SUBORDER TABSioiDEA. F. Anaptomorphidae, Navajoviua Palaechihon PcdenochUia Paro- 
momya Pleaioleatea Paleoc. NA., ? Phenacolemur Paleoc.-Eoc. NA., Abaarokiua 
Armptommphua Chumaahiua Dyaeolemur Euryacodon Hemiacodon Loveina Omo- 
my a Paraletoniua Skoahoniua Tetoniua ?Trogolemur Uinlanma ?Uintaaorex 
Waahakiua Yumaniua Eoc. NA., fMegataraiua Microchoerua fMu^oicaraioidea 
Necrokmur Periconodon Paeudoloria TeHJia/rdina Eoc. Eu„ ^Hoanghjoniua ?Eoc. 
As., }Macrotaraiu8 Olig. NA. F. Tarsiidae, R. EInd. F. Caipolestidae, Cargo- 
daptea Carpokatea Elphidotaraiua Paleoc. NA. F. Apatemyidae, Jepaenella LaM- 
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dolemur Faleoc. NA., Apatemys Stehlinella Teilhardella Eoc. NA., Eochiromys 
Heterohyus [ Necrosorex] Eoc. Eu., Sinclairella Olig. NA. 

SUBORDER ANTHROPOIDEA 

INFRAORDER PLATYRBHiNi. F. Hapalidse, R. SA., Ilapak rieist.-R. SA. F. Cebidae, 
R. SA., Homunctdus ?Pitheculus Mioc. SA., Alouatta [Mycetes] Brackytelea [Eri- 
odes] CaUicehus [CaUithrix] Cebus Pleist.-R. SA. 

INFRAORDER CATARRHiNi. F. Cercopithecidae, R. As. Af. EInd., Apidium Moeripithe- 
cus Parapithecus Olig. Af., Lyhipithecus Plioc. Af., Dolichopithecus Oreopithecua 
Plioc. Eu., Mesopitheciis ?Mioc. Af., Plioc. Eu. WAs., Cer 'opiihecus Plioc. As., R, 
Af., Macacus Plioc.-Pleist. Eu., Plioc.-R. As., Pleist.-R. NAf., R. EInd., Buno- 
pithecus Procynocephxdus Pleist. As., Papio [Cynocephalus Slmopithectis] Pleist. 
As., Pleist.-R. Af., Dinopithecus Parapapio Pleist. Af., SemnopUhecus [Pithecus] 
Pleist. Af., Pleist.-R. As., R. EInd., Cercocebus Pleist.-R. Af., Rhinopithecus 
Pleist.-R. As. F. Simiidae, R. Af. SAs., ? Amphipitkecus ?Pondaungia Eoc. As., 
Propliopitkecus Olig. Af., Dryopithecus ?Mioc. Af., Mioc.-Plioc. Eu., Limnopithe- 
cm Proconsul Xenopithecm Mioc. Af., Pliopithecus [Prohylohates] Mioc. Af., 
Mioc.-Plioc. Eu., Amtricopithecus Mioc. Eu., Paidopithex Plioc. Eu., ? Adaeton- 
therium Bramapithecm Ilylopithecm Ramapithecus Sivapithecm [Palaeosimia, 
Palaeopithecm] Sugrivapiihecm Plioc. As., Gigantopithecus Pleist. As., Simla 
[Pongo] Pleist. As., R. EInd., Amtralopitkecm [Paranthropm Plesianthropm] 
Pleist. Af. F. Hominidae, R. Cos., Homo [Pithecanthropus Sinanthropus Eoan- 
thropm Palaeanthropus] Pleist.-R. Eu. As. Af. Aus., R. NA. SA. 

Order Carnivora 

SUBORDER CREODONTA 

infraorder procreodi. F. Arctocyonidae, Baioconodon Carcinodon Claenodon Delta- 
therium Deuterogonodon Elphidophorm Eoconodon Goniacodon Loxolophm Meta- 
chriacm Oxyclaenm Paradoxodon Prothryptacodon Protogonodon Spanoxyodon 
Tricenies Triisodon Paleoc. NA., Arctocyon Arctocyonides Paleoc. Eu., Hyra- 
colestes Paleoc. As., Chriacm Thryptacodon Paleoc.-Eoc. NA., Anacodon Eoc. 
NA., ?Paroxyclaenm Eoc. Eu., ? Ardyniciie fDidymoconm Olig. As. 

INFRAORDER ACREODi. F. Mesonjchidae, Microclaenodon Paleoc. NA., Dissacm Pa> 
leoc.-Eoc. Eu. NA., Harpagolestes Mesonyx Eoc. NA., Pachyaerm Synoplotherium 
[Dronwcyon] Eoc. Eu. NA., Hapalodecies Eoc. NA. As., Andrewsarchm WUenia 
Eoc. As. 

INFRAORDBR PSBUDOCREODi. F, Oxyaenidae, Dipsalodon Paleoc. NA., ^Sarcodon Pa¬ 
leoc. As., Oxyaena Paleoc.-Eoc. NA., Ambloctonm Dipsalidictidess Patriofeli 
Protopscdis Eoc. NA., PalaeonMis Eoc. Eu. NA., Paroxyaena Eoc. Eu., Sarkaa- 
todon Eoc. As. F. Hyaenodontidae Wpisihopaalia Paleoc. As., Hyaenodictia Pa¬ 
leoc.-Eoc. Eu., Apataelurm Limnocyon Machaeroidea Oxyaenodon Prolimnocym 
Thinoeyon TrUemnodon Eoc. NA., Pachyaena Prorhyzaena Thereutherium Eoc. 
Eu., Sinopa Eoc. Eu. NA., Paracynohyaenodon Propterodon Eoc. Eu. As., Ptero- 
don Eoc. As. NA., Eoc.-01ig. Eu., Olig.-Mioc. Af., Cynokyaenodon Galethylax 
Quercyfkerium Eoc.-01ig. Eu., Hyaenodon Eoc.-Olig. Eu. NA, As., Olig.-Mioc, 
Af., ?Dyaptema Olig. Eu., Hemipaalodon Olig. NA., Metaainopa ?Ptokmaia 
Olig. Af., Apterodon [Dasyurodon] Olig. Eu. As., Olig.-Mioc. Af„ Metapterodon 
Mioc. Af., Disaopaalia Plioc. As. 

SUBORDER FXSSIPEDIA 

INBRAORDBR EucREODi. F. Miaddae, Ictidopappm Paleoc. NA., Didymidia Paleoe.- 
Eoc. NA., Mmooyon Oddectea Pala/mrctonyx Plevrocyon Tapocym Viniacy&n 
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Vasaocyon Vulpavm Eoc. NA., ?Protdt)erra Eoc. Eu., Miacis Eoc. NA. Eu. As., 
Viverravus Eoc. NA. Eu. ?As. 

INFRAORDER AELUROIDEA. F. Viverddae, H. Af. SAs. Eu. EInd., Stenogale Sienoplesic- 
tis Eoc.-Olig. Eu., Palaeoprionodon Eoc.-Olig. Eu., Olig. As., Proailurus Eoc.- 
Mioc. Eu., Amphicticeps Olig. As., Herpestea ?01ig. Mioc.-R. Eu., Mioc.-R. Af., 
Pleist.-R. As., Viverra ?01ig., Mioc.-R. Eu., Plioc.-R. As., Pleist.-R. Af., Lep~ 
topleaictia Semigenetta Mioc. Eu., Tungurictia Mioc. As., Progenetta Mioc.-Plioc. 
Eu., Viahnuictia Plioc. As., Paguma Pleist.-R. As., Aiilax Croaaarchua Suricata 
Pleist.-R. Af., Genetta Pleist.-R. Af., R. WAs. Eu., Cryptoprocta Foaaa Pleist.-R. 
Mad., Paradoxurua Pleist.-R. EInd. F. Hyaenidae, R. Af. SAs., Crocuta Mioc.- 
Pleist. As., Plioc.-Pleist. Eu., R. Af., Hyaena Plioc.-R. As., Plioc.-Pleist Eu., 
Pleist.-R. Af., ? Chaamaporthetea Plioc. NA., Ictitherium Lycaena Plioc. Eu. As., 
Hyaenictia Plioc. Eu., Pleist. As. F. Felidae, R. Eu. As. Af. EInd. NA. SA., Aelu- 
rictia Eoc.-Olig. Eu., Evamilua Eoc.-Olig. Eu., Olig. NA., Dinailuriclia Olig. Eu., 
Dinictia Olig. NA., Hoplophoneua Nimravua Olig.-Mioc. NA., Arckaelurua Dinae- 
luma Pogonodon Mioc. NA., ?Hyaenailurua Mioc. As., Paeudaelurua Mioc. Eu. 
Af. NA., Plioc. As., Sanaanoamilua Mioc. Eu., Plioc. As., Machairodua Mioc.- 
Plioc. As., Mioc.-Pleist. Eu., Plioc. NA., Plioc.-Pleist. Af., Metailurus Mioc.- 
Plioc. As., Homotherium Plioc. Eu., ? Aeluropaia Dinofelia ?Mellivorod(m Propon^ 
toamilus Sivaelurua Sivaamilua Winayakia Viahnufelia Plioc. As., lachyrosmilua 
Plioc. NA., Epimachaerodua Paramachaerodua Plioc. Eu, As., Acinonyx Plioc. 
Eu., R. As. Af., Megantereon Plioc.-Pleist. Eu. As., Felia [incl. Panihera Lynx 
etc.] Plioc.-R. Eu. As. NA., PIeist.-R. Af. SA., Smilodon Pleist. NA. SA. 

INFRAORDBR ARCToiDEA. F. Mustelidae, R. Eu. As. Af. NA. SA., Amphictia Eoc.- 
Olig. Eu., Pleaktia Eoc.-Mioc. Eu., Muatelavua Olig. NA., Bunaelurua Olig. NA. 
As., Palaeogale Olig.-Mioc. Eu., Mioc. As., Aelurocyon Craterogale Megalictia 
Mephititaxua Mionictia Miomuatela Oligohunia Paroligobunia Plionictia Promartea 
Mioc. NA., lachyriciia Laphyctia Paralvira Paeudictia Trocharion Trochotherium 
Mioc. Eu., Potamothcrium Mioc. Eu., ?Mioc. NA., Proputoriua Mioc. Eu., Plioc. 
As., Brachypaalia Leptarctua Sihenictia Mioc.-Plioc. NA., Trochictia Mioc.-Plioc. 
Eu., Melodon Mioc.-Plioc. As., Muatela Mioc.-R. NA. Eu., Plioc.-R. As., Pleist.- 
R. SA., R. Af., Martea ?Mioc., Plioc.-R. NA., Plioc.-R. Eu. As., Canimartea Cer^ 
niciia Luiravua Martinogale Pliogale Trigonictia Plioc. NA., Pannonictia Promelea 
Promephitia Plioc. Eu., Promellivora Viahnwmyx Plioc. As., Pleaiogvio Plioc. As. 
NA., Parataxidea Sivaonyx Sivalictia Plioc. Eu. As., Eomellivora Plioc. Eu. As. 
NA., Enhydriodm Plioc. Eu. As. Af., Sinictia Plioc. Eu., Pleist. As., Brachypro- 
toma Plioc.-Pleist. NA., Enhydrwtia Plioc.-Pleist. Eu. ?As., Melea Plioc.-R. Eu. 
As., Spilogale Taxidea Plioc.-R. NA., Liitra Plioc.-R. Eu. As. NA., Pleist.-R. 
SA. Af., Oamotherium Pelydctia Pleist. NA., Cymaonyx Neaolutra Pleist. Eu., 
MeUivora Pleist. As., R. Af., Arctonyx Pleist.-R. As., Aonyx Pleist.-R. Af., Cone- 
patua Oriaon [Galictia] Pleist.-R. NA. SA., Mephitia Pleist.-R. NA., Lyrusodon 
Pleist.-R. SA., Quh Pleist.-R. Eu. As. NA. F. Camdae, R. Eu. As. Af. NA. SA., 
Procynodictia Eoc. NA., Amphicynodon [Cynodon] Parcuiynodon Pleaiocyon 
Paeudamphicyon Eoc.-OUg. Eu., Cynodictia Eoc -Olig. Eu. ?As., Pachycynodon 
Eoc.-01ig. Eu., Olig. As., Amphictieepa Olig. As., Paeudocynodwtia Brachyrhyn- 
ehocyon Olig. NA., Daphoanua Meaocyon Noihocyon Parictia Olig.-Mioc. NA., 
AmphieHa Haploeyon Paeudooyon Olig.-Mioc. Eu., Cephalogcde Olig.-Plioc. Eu., 
Mioc. As., Amphicyon Olig.-Plioc. Eu., Mioc.-Plioc. As. NA., Mioc. Af., Alio- 
eyon Barocyon Daphoenodon Enhydrocyon Euplocyon Mammocyon Paradaphoenua 
Perieym PkUdtrox Temaaocyon Thmmaahcyon Mioc. NA., Ahpeoocyon Amphu 
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cyonopsis Gcdecynus flaplocynoides Pseudarctos Tomocyon Mioc. Eu., Gohicyon 
Mioc. As., Aelurodon Cynod4}smus Ischyrocyon Osteoborus Pliocyon Tephrocyon 
Tomarctus Mioc.-Plioc. NA., Dinocyon Mioc.-PIioc. Eu., Areocyan Borophagus 
Iladrocyon Leptocyon Pliogulo Plioc. NA., Arctamphicyon Vishniwyon Plioc. 
As., Metarctos Simocyon Plioc. Eu., HyaenognaiJms Plioc.-PIeist. NA., Cam's 
Plioc.-R. NA., Pleist.-R. Eu. As. Af. Aus. SA., Theriodictis Pleist. SA., Nycie^ 
rentes Sivacyon Pleist. As., Protomjon Pleist. Af., Lycaon Pleist.~R. Af., Leucocyon 
Pleist.-R. Eu., Alopcx Pleist.-R. Eu. As., Cuon [Cyon] Pleist.-R. As., Urocyon 
Pleist.-R. NA., Chrysocyon Dusicyon Paleocyon Speothos [Iciicyon] Pleist.-R. SA., 
Vulpes Pleist.-R. Eu. As. Af. NA. F. Procyonidae, R. NA. SA. EAs., Aleiocyon 
Bassariscops Cynarctoides Phlaocyon Zodiolestes Mioc. NA,, Cynarctus Mioc.- 
Plioc. NA., Bassariscus Mioc.-R. NA., Sivanasua Mioc. Eu., Plioc. As., Parailu^ 
rtis Plioc. Eu., Cyonasua Plioc. SA., Procyon Plioc.-R. NA., Pleist.-R. SA., 
Brachynasua Pleist. SA., Nasua Pleist.-R. SA., Ailuropoda [ Ailuropus] Pleist.- 
R. As. F. Ursidae, R. Eu. As. NA. SA., Uemicyon Mioc. Eu. As. NA., Ursavus 
Mioc.-Plioc. Eu., Indarctos Plioc. Eu. As. NA., Plionarctos Plioc. NA., Hya^narc- 
tos [ Agriotherium] Plioc. Eu. NA., Plioc.-PIeist. As., Holarcios Plioc. Eu., Pleist.- 
R. As., Ursus Plioc.-R. Eu., Pleist. NAf., Pleist.-R. As. NA., Arctodus Tremarc- 
lotherium Pleist. Nx\., Arctotherium Pararctotherinm Pleist. SA., Melursus Pleist.- 
R. As. 

SUBORDER PINNIPEDIA. F. Otamdae, R. Pac., Allodesmus Desmatophoca Dusignathus 
Neoiherium Pithanotaria PUopedia Mioc. WNA.^ Eumetopias Mioc. Eu. EAs., 
Pleist. NA. SA., R. Pac., Pontolis Mioc.-Plioc. WNA., Arctocephalus Plioc. SA., 
Pleist. Aus. NZ., R. Pac., Zalophus Plioc. Aus., Pleist. WNA. NZ., R. Pac., Otaria 
Pleist. NA. SA., R. Pac. F. Phocidae, R. Oc., LejAophoca Mioc. NA., Miophoca 
Monotherinm Prophoca Mioc. Eu., Phoca Mioc.-R. Eu. NA., Plioc.-R. As., CaU 
lophoca Gryphoca Mesotaria Palaeophoca Pkocanella Platyphoca Pristiphoca 
Plioc. Eu., Cystophora Pleist.-R. NA. F. Semantoridae, Semantor Plioc. WAs. F. 
Odobenidae, R. Arc., Prorosmarus Mioc. NA., Alachtherium Plioc. Eu., Odobenus 
[*'Trichechns**] Pleist. Eu. NA., R. Arc. 

Order Amblypoda (Pantodonta). F. CoiTphodontidae, Pantolambda Sparactolambda 
Titanoides Paleoc. NA., Coryphodon Paleoc.-Eoc. NA., Eoc. Eu., Evdinoceras 
Eoc. As., Ilypercoryphodon Olig. As. F. Barylambdidae, Barylambda Haplolambda 
Paleoc. NA. F. Pantolambdodontidae, Pantolambdodon Eoc. As. 

Order Dinocerata. F. Uintatheriidae, Bathyopsoides Paleoc. NA., Prodinoceras Paleoc. 
As., Prohathyopsis Paleoc.-Eoc. NA., Bathyopsis Ektchoceras Eobasileus Uinta- 
therium [Dinoceraa] Eoc. NA., Gohiatherium Eoc. As. 

Order Astrapotheria. F. Trigonostylopidae, Shecenia Paleoc. SA., Scabellia Trigonosty^ 
lops Eoc. SA. F. Astrapotheriidae, AJherlogaudrya Astraponotus Eoc. SA., Astra- 
pothericulus Parastrapotherium Olig. SA., Astrapotherium Olig.-Mioc. SA., Uru- 
guaytherium Xenastrapotherium Mioc. SA. 

Order Pyrotheria. F. Pyrotheiiidae, fCarodnia ?Ctalecarodnia Paleoc. SA., Caro- 
lozittelia Propyrotherium Eoc. SA., Griphodon Pyrotherium Olig. SA. 

Order Hyracoidba. F. Hyracidae (ProcaYiidae), R. Af. WAs., Pachyhyrax Sagkatke- 
rium Olig. Af., Prohyrax Mioc. Af., Pliohyrax Mioc. Af. Plioc. Eu., Hyrax [Pro- 
cavia] Pleist.-R. Af., R. WAs. Ge]iiohyidae» Bunohyrax Geniohyus Megalohyrax 
Mixohyrax Titanohyrax dig. Af. F« Myohyracidaef Myohyrax Prcftypotheroides 
Mioc. Af. 

Qbuer Embsithopoda. F. Andnoitlieiiidae, ArsirurUherium OUg. Af. 
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Order Proboscidea 

SUBORDER MOERiTHERioiDEA. F. Moeiitheriidae, Moeritherium Eoc.-Olig. Af. 

SUBORDER DiNOTHERioiDEA. F. Dinotheiiidae, DinotJierium Mioc.-Plicxi. Eu. As., Mioc.- 
Pleist. Af. 

SUBORDER BARYTHERioiDEA. F. Bar3rtheriidae, Barytherium Eoc. Af. 

SUBORDER ELEPHANToiDBA. F. Gomphotheriidae, Phiomia Olig. Af., Platyhelodon Mioc. 
As., Mioc.-Plioc. NA., Gomphotherium [Trilophodon Bunohphodon Tetrabelodon] 
Mioc. Af., Mioc.-Plioc. Eu. As. NA., Serridentinus Mioc. Eu., Mioc.-Plioc. As. 
NA., Rhynchotherium \Dihelodon] Mioc. Af., Mioc.-Pleist. NA., Plioc. As., Synco- 
nolophus Mioc.-Plioc. As., Tetrahphodon Mioc.-Plioc. As. NA., Plioc. Eu., Arne- 
helodon Euhchdon Gnathohclodon Plioc. NA., Cuvieronius [CordiUerion] Plioc. 
NA., Pleist. SA., Anancus Plioc.-Pleist. Eu. As., Notiomastodon Pleist. SA., 
Siegoinasiodon Pleist. NA. SA. F. Mastodontidae, Palaeomasiodon Olig. Af., Mas¬ 
todon Mioc.-Plioc. Eu., Mioc. Af., Mioc.-Pleist. NA., Plioc. As. F. Elephantidae, 
R. As. Af., Siegolophodon Plioc. Eu., Plioc.-Pleist. As., Stegodon Plioc.-Pleist. As., 
Pleist. Af., Loxodonta [Palaeoloxodon^ etc.] Pleist. Eu. As., Pleist.-R. Af., Mam- 
muthus [Mammontcu^ Parelcphas Archidiskodon] Pleist. Eu. As. Af. NA., Ele- 
phas Pleist.~R. As. 

Order Sirenia 

SUBORDER HALicoRiFORMES. F. Prorastomldae, Prorastomus Paleoc. Wind., Protosiren 
Eoc. NAf. Eu. F. Halicoridae (Dugongidae), R. Ind.Oc. NPac., Eotheroides 
[Eotherium Archaeosiren Eosiren] Eoc. Af., Protothcrium Eoc. Eu., Manathe- 
rium Rytiodus Olig. Eu., Halitherium Olig.-Mioc. Eu. NA. Wind., Prohalicore 
Thalattosircn Mioc. Eu., Metaxytherium [Haliana^^sa] Mioc. Eu. NA., Ilespero- 
siren Mioc. NA., Felsinotherium Plioc. Eu. NA., Miosiren Plioc. Eu., Rytina Sub- 
recent NPac. F. Manatidae (Trichechidae), R. Atl., Manatus [Tricheckus] Pleist. 
-R. NA. SA., R. Atl. 

SUBORDER DESMOSTYLIFORMES. F. Dcsmostylidae, Ccyrnwallius Olig. NA., Desmostylus 
Mioc. EAs. NA. 

Order Tubulidentata. F. Orycteropodidae, R. Af., ^Tubukdon Eoc. NA., ?Palaeoryc- 
teropus Eoc.-Olig. Eu., Orycteropus Plioc. Eu. As., Pleist.-R. Af., Plesiorycteropus 
Pleist. Mad. 

Order Condylarthra. F. Phenacodontidae, Desmatoclaenus Gidleyina Tetraclaenodon 
[Euprotogonia] Paleoc. NA., Ectocion Paleoc.-Eoc. NA., Phenacodus Paleoc.-Eoc. 
NA., Eoc. Eu. F. Hyopsodontidae, Choeroclaenus Dracoclaenus Ellipsodon Hapla- 
letes Jepsenia I/italetes Idtolestes Litomylus Mioclaenus Oxyacodon Oxytom.odon 
Phenacodapies Protoselene Tiznatzinia Paleoc. NA., Ilaplomylus Paleoc.-Eoc. 
NA., Hyopsodus Eoc. NA. F. Meniscotheriidae, Pleuraspidot/ierium Orthaspido- 
therium Paleoc. Eu., Meniscotherium Paleoc.-Eoc. NA. F. Didolodontidae, Er- 
nestkokenia [Notoprotogonia] Paleoc.-Eoc. SA., Archaeohyracotherium Argyro- 
lambda Asmilhwoodwardia Didolodus Enneoconm Glyphodon Paulogervaisia Pro- 
ectocion Eoc. SA. F. Periptychidae, Anisonchus Carsioptyckius Conacodon ?Co- 
riphagits Ectoconus Haploconns Hemiihlaeics Mixoclaentis Periptychus Plagiopty- 
chus Paleoc. NA. Incertae sedis, Phenacolopkus Paleoc. As. Trkvspiodon Paleoc. 
Eu. 

Order Litoptbrna. F. Proterotheriidae, ?Wainka Paleoc. SA., Ouilielmofloweria ?Pa- 
leoc., Eoc. SA., Josepholeidya Ricardclydekkeria Paleoc.-Eoc. SA., Anisolambda 
Decacontis Megacrodon Polyacrodtm Polymorphis Eoc. SA., DeiUerotherium Eopro- 
terotherium Paramacraitohnia Prolimphrium Protheosodon Prathoaiherium Olig. 
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SA., Licaprops Olig.-Mioc. SA., lAcaphrium Thoatherium Mioc. SA., Brachy- 
tkerium DMiaphorus Proterotherium Mioc-Plioc. SA., Chalpcdmatherium Dip- 
lasioiherium Eoaiushenia Epecuenia Trachypotherium Plioc. SA. F. Macraucheni- 
idae, Victorlemoinea Paleoc.-Eoc. SA., Amilnedtoardsia Emestohaeckelia Lamb- 
daconus Pseiidadiantktts Ruiimeyeria Eoc. SA„ Conioptemium Cramauchenia 
Notodiaphorus Proadianthus Prohepatoconus Tricoelodiis Olig. SA., Theosodon 
Olig.-Mioc. SA., Adianihus CuUinia Oxyodontherium Paranauchenia Phoenix- 
amhenia Mioc. SA., Scalibrinitherium Mioc.-Plioc. SA., Macrauchenidia Pro- 
macrauchenia Windhausenia Plioc. SA., Macraiickenia Plioc.-PIeist. SA. 

Order Notoungulata 

SUBORDER NOTIOPROGONIA. F. Arctostylopidac, Pcdaeostylops Paleoc. As., Arctoatylops 
Eoc. NA. F. Henricosborniidae, ?S€udeniua Paleoc. SA., Henricosbomia Paleoc.- 
Eoc. SA., Polystyhpa Postpiihecua Peripantostylops PPaleoc., Eoc. SA., Mono- 
lophodon Othnietmarshia Eoc. SA. F. Notostylopidae, Homahsiylops Notostylops 
Oironia Eoc. SA. 

SUBORDER ENTYLONYCHiA. F. Homalodotherudae, Brandmayria I*aleoc. SA., Isotemnua 
[Eochalicotherium\ PPaleoc., Eoc. SA., Calodontotherium Diatylophorns Edvardo- 
tromssartia Grypohphodon Lafkenia Periphragnis Pleuroatylodon Rhyphodon 
Thomashuxleya Eoc. SA., AsmodeiLs Dioroiherium Ilenrwofilholia Lophocoelus 
Pleurocoelodon Prochalicotherium Trimerostephanos Olig. SA., Chasicotherium 
Homcdodotherium Mioc. SA. 

SUBORDER TOXODONTIA. F. Acoelodidac, Kibenikfioria Paleoc. SA., Acoelodus Max- 
schlosaeria Oldfieldthomasia Paraeoelodtis Tsamnichoria Ulirapithecm Eoc. SA. 
F. Archaeopithecidae, AcropUhecua Archaeopiifiecua Eoc. SA. F. Archaeohyraci- 
dae, Acoelohyrax Degonia Eohyrax Eoc. SA., Arckaeohyrax Olig. SA. F. Leonti- 
niidae, Ancylocoelua Colpodon Leovdinia Scarritiia Olig. SA. F. Notohippidae, 
Eomorphippua Paevdoaiylopa Eoc. SA., Interhippua Eoc.-Olig. SA., Argyrohippua 
Coreaodon Eurygenium Morphippua Neaohippua Perhippidion Rhynchippua 
Siilhippua Olig. SA., Notohippua Mioc. SA. F. Tozodontidae, Proadinolherium 
Proneaodon Olig. SA., Adinotherium Eutomodua Gyrinodon Haplodontherium 
Neaodon Paratrigonodon Phobereotherium Prototrigodon Stenoiephanoa Stereotoxo- 
don Evirigonodon Mioc. SA., Toxodonlherium Mioc.-Plioc. SA., Alitoxodon Plioc. 
SA„ Toxodon Xotodon Plioc.-PIeist. SA. 

SUBORDER HEGETOTHERiA. F. Hegetotheriidae, Eohegetotherium Ehpachyrucoa Eoc. SA., 
Prohegetotherium Propachyrucoa Proaotherium Olig. SA., Hegetoikerium Olig.- 
Mioc. SA., Pachyrukhoa Olig.-PIioc. SA., Paeudohegetotherium Mioc. PPlioc. SA., 
Hemihegeioiherium Tremacyllua Plioc. SA., Paedoiherium Plioc.-PIeist. SA. 

SUBORDER Ti;poTHSRiA. F. luteratheiiidae, NotopUhecua Paleoc.-Eoc. SA., Tranapithe- 
cua PPaleoc., Eoc< SA., GuUielmoacottia Eoc. SA., Archaeophylua CoohUiva Para- 
cockiliua Phanophilua Plagiarthrua Progaleopithecua Olig. SA., Protypotherium 
Olig.-PIioc. SA., Caenophilua Epipcdriarchua Interatherium Munizia Mioc. SA. 
F.Typotheriidae Epiiypotheriumlaotypoiherium Eoc. SA„ laoproedrium Proedium 
TraahytheruaGiikg, SA., Acratypoihervum EiAypotherium Typatharwidua Mioc. SA., 
Psetdo1yp(Ahmum Typatheriopaia Xenotheriim Plioc. SA., Typotheriodon Typo- 
therium [Mesotherium] Piioc.-Pleist. SA., Bramrdia Pleist. SA. 

Order Perissodacttla 

SUBORDER HIPPOMORFHA 

^Uferfamily equoidea. F. Eqtiidae, R. As. A!., HyracMerium Eoc. £u., Eohippm 
£oe. NTA., EpdMppm Ofokippua Eoc. NA., MtmMppm (Eig. NA«» MMippug 
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Olig.—Mioc. NA., Arwkiiherium Mioc. As. NA. Eu., Archaeohippus ParaJiippus 
Mioc. NA., Hypohippua Mioc.-Plioc. NA., Plioc. As., Merychippus [Protohippus] 
Pliohippus Mioc.-Plioc. NA., Colippua Megahippus Nannippus Neohipparion 
Plioc. NA., Hipparion Plioc. NA. Eu. As., Plioc.-Pleist. Af., Uippidion Hyper- 
kippidium Onohippidium Pleist. SA., Equm [Aaintis Hemionm Ilippotigris 
NeohippiM Pleaippus] Pleist. Eu. NA. SA., Pleist.-R. Af. As. F. Palaeotheriidae, 
Anchilopkita Lophiotherium Pachynolophita Plagiolophua Propachynolophua Eoc. 
Eu., Propataeoikerium Eoc. Eu. As., Pcdaeotherium Paloplotherium Eoc.-Olig. Eu. 

SUPERFAMILY TiTANOTHERioiDEA. F. ChAlicotheriidae, Eomoropua Eoc. NA. EAs., 
Grangeria Eoc.-Olig. As., Oreinotherium Olig. NA., PemcUherium Olig. Eu., 
Schizotherium Olig. Eu. As., Meiaachizotherium Mioc. Eu., M&ropua Mioc. NA., 
PhylotiUon Mioc. As., Macrotherium Mioc. Af., Mioc.-Plioc. Eu. As. NA., Chali- 
coiherium Plioc. Eu., Ancylotherium Plioc. Eu. WAs., PPleist. Af., Neatoritherium 
[Circotherium] Poaiachizoiherium Pleist. As. F. Titanotheriidae, Diplacodon Doli- 
chorhintia Eometarhinua Eotitaruopa Eotitanotherium Lamhdotherium Limnohyopa 
Manteoceraa Meaatirhinua Metarhinua Notiotitanopa Palaeoayopa Protitanothe- 
rium Rhadinorhinua Sphenocoeliia Sthenodeciea Telmatherium Eoc. NA., Teleodua 
Eoc.-Olig. NA., Brachydiaatemaiherium Eoc. Eu., Meiatalmatherium Eoc. As. 
NA., Deamatotitan Dolichorhinoidea Epimanteoceraa Gnathotitan Microtitan Pachy- 
litan Protitan Rhinotitan Sivatitanopa Titanodectea Eoc. As., Embolotherium Hyo- 
titan Parabrontopa Metatitan Olig. As., Brontopa Brontotkerium Megaceropa Ti- 
tanotherium [Menodua] Protitanopa Olig. NA. 

SUBORDER TAPIROMORPHA 

suPERFAMiLY TAPiROiDBA. F. Helaletidae (Colodontidae), Dilophodon Helaletea Hep- 
todon Heteraletea Eoc. NA., Deamatotherium Eoc. NA. As., DepereteUa Diplolopho- 
don }Lophialetea ?Schloaaeria TeUlophua Eoc. As., Paracolodon Olig. As,, Cohdon 
Olig. NA. As. F. Lophiodontidae, ?Chaarrwtheroidea Eoc. NA., Criatidentinua Eoc. 
As., Atahnodon Chaamotherium Lophiaapia Lophiodon Lophiodochoerua Eoc. Eu. 
F. Isectolophidae, Indolophua Eoc. As., Homogalax [Syatemodon] Pariaectolophua 
Schizobphodon Eoc. NA. F, Tapiridae, R. CA. SA. SAs., Protapirua Olig. Eu., 
Olig.-Mioc. NA., Paratapirua Mioc. As., Palaeotapirua Mioc. Eu., Mioiapirua 
Tapiravua Mioc. NA., Tapirua Plioc.-Pleist. Eu., Plioc.-R. As., Pleist. NA., 
Pleist.-R. SA., R. CA., Megatapirua Pleist. As. 

SUPERFAMILY RHiNOCBROTOiDBA. F. Hyrachyidae, Colonoceraa Ephyrachyua Hyror 
chyua Metahyrachyua Eoc. NA. F. Hyracodontidae Ardynia Caenolophua Teil- 
hardia Eoc. As., Epitriphpua Prothyracodon Triplopua Eoc. NA., Hyracodon 
Olig. NA. F. Amynodontidae, Amynodontopaia Meaamynodon Eoc. NA., Amyno- 
don Eoc. NA. As., Paramynodon Eoc. As., Metamynodon Olig. NA. As., Cadur- 
cotkerium Olig. Eu. Mioc. As. F. Rhinocerotidae, R, SAs. EInd. Af., Eotrigoniaa 
Eoc. NA., Prohyracodon Eoc. Eu.i Foratercooperia Eoc. As., Amphicaenopa Caa- 
nopua Sttbkyracodon Trigoniaa Olig. NA., AUoceropa Eggyaodon Epiaceratharium 
Mminatherium Preaceratherium Protaceratherium Ronzotherium Olig. Eu., /ndn- 
eotherium Paraceratkerinm Olig. As., Aeeraiherium Olig.-Mioc. Eu., Mioc. Af., 
Mioc.*"Plioc. As., Baluchiiherium Olig.-Mioc. As., Pleuroceroa Olig.-Mioc. Eu., 
Mioc. As., Braehypotharium Mioc. Eu. ?Af., Diceraiherium [M^fioceraa Metacae- 
mpm] Mioc. NA., Pleaiaceratherium Mioc. As., Dicerorhinua [Ceraiorhinua] 
Mioc.-Pleist. Eu., Mioc.-R. SAs., PIeist.-R. Eu., Aphelopa Peraceraa Teleoceraa 
Mio(LHPlioc« NA., Chihtharium Mioc.-Plioc« As. Eu., Oaindatherium Iranoike- 
num Smoiberiam Plioc. As., Dioaroa (Aielodua Opaieerga] Plioc. Eu., Pleist.-R. 
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Af., Ceratoiherium Pleist.-R. Af., Coelodonta [Tichorhinus] Pleist. As. Eu., Elas- 
moiherium Pleist. Eu. NAs., Rhinoceros Pleist.-R. As. EInd. 

Order Artiodactyla 

SUBORDER PAixA-EODONTA. F. Homacodontidae, Bunomeryx Diacodexis Homcuiodon Hy- 
kmieryx Mesomeryx ?Microsus Pentacemylvs ?Sarcolemur Splienomeryx Wasatchia 
Eoc. NA. F. Leptochoeridae, Lepiochoerus Stibarus Olig. NA. F. Dichobunidae, 
Meriscodon Protodichobune Eoc. Eu., Dichobune Mouillacithcrium Eoc.-Olig. Eu., 
Ilyperdichobune Olig. Eu. 

SUBORDER suiNA. F. Choeropotaxnidae, Bvnophorns Hehhyus ? Lophiohyus Parahyus 
Eoc. NA., Gobiohyus Eoc. As., Choeropoiamvs Eoc.-Olig. Eu. F. Entelodontidae, 
Entelodon [Elotherium] Olig. Eu., Archaeolherium Megachoerus Pelonax Scapto- 
hyus Olig. NA., Bobchoerus Choerodon Daeodon Dinohyus Mioc. NA., ^Bugtiihe- 
rium Mioc. As., ? Tetraconodon Plioc.-Pleist. As. F» Achaenodontidae, Achaenodon 
Eoc. NA. F. Cebochoeridae, Brachyhyops Eoc. NA., Cebochoerus Mixtotherinm 
Eoc. Eu., Choeromorus ?Eoc. EInd., Eoc.-Olig. Eu. F. Suidae, R. As. Af. EInd., 
Propalaeochoerus Olig. Eu., Mioc. Af., llyotherium Mcsochoerns Xenochocrns 
Mioc. Eu., Diamantohyus Mioc. Af., Listriodon Mioc. Eu. Af., Mioc.-Plioc. As., 
Palaeochoervs Mioc. Eu., Mioc.-Plioc. As., Chlevastochorrus Conohyus Hyosus 
Lophochoerus Propotamochoerm Saniiherium Sivahyus Plioc. As., MicrosUmyx 
Plioc. Eu., Poiamochoerm Plioc. Eu., Pleist. As., Pleist.-R. Af., Sivachoerus Plioc. 
NAf., Plioc.-Pleist. As., Dicoryphochoerus Hippohyus Plioc.-Pleist. As., Phaco- 
choerus Plioc.-R. Af., Pleist. WAs., Sus Plioc.-R. Eu. Af. As., Pleist.-R. EInd., 
Kolpochoerus Noiochoerus [Metridiochoerm] Pleist. Af., Koiropotamus Hylochoe- 
rus Pleist.-R. Af. F. Dicotylidae (Tayassuidae), R. CA. SA., Doliochoerus Olig. 
Eu., Perchoerus [Thinohyus] Olig.-Mioc. NA., Chaenohym Desmathyns Dyseo- 
hyus Floridhichoerus Hesperhys Pediohyus Mioc. NA., Choerotherium Mioc. Eu., 
Prosthenops Mioc.-Plioc. NA., PPleist. SA., Pecarichoerus Plioc. As., Platygonus 
Plioc.-Pleist. NA., Pleist. SA., Mylohyus Pleist. NA. ?SA., Catagonus Leptothc^ 
rium Pleist. SA., Dicotyles [Tayassu Tagassu] Pleist.-R. NA. SA. F. Anthraco- 
theriidae, Anthrojcohune Anihrancohyus Anthracokcryx Anthracosenex Anthra- 
cothema Eoc. As., Haplobunodon Lophiobunodon Thanmastognathus Eoc. Eu., 
Rhagaiherium Eoc.-Olig. Eu., Olig. Af., ?Plioc. As., Gelasmodon Olig. As., Brachy- 
odus Olig. As., Olig.-Mioc. Eu. Af,, Boihriogenys Olig. Af., Elomeryx Hepiacodon 
Octaeodon Olig. NA., Bunobrachyodus Olig. Eu., Boihriodon [ Ancodus Hyopota- 
mzis] Olig. Eu. NA., Olig.-Mioc. Af., Microhunodon [MicroseUnodon] Olig. Eu., 
Plioc. As., Anthrcuiotherium Olig. Eu., Mioc.-Plioc. As., Arretotherium Mioc. NA., 
Parabrachyodus Mioc. As., Hyohodps Mioc. Af., Mioc.-Plioc. As., Hemimeryx 
Telmaiodon Mioc.-Plioc. As., Choeromeryx Plioc. As., Merycopotamus Plioc. 
NAf., Plioc.-Pleist. As., Pleist. EInd. F. Hippopotamidae, R. Af., Hippopotamus 
[Hexaprotodon Choeropsis] Plioc.-PIeist. As., Plioc.-R. Af., Pleist. Eu. EInd. 

SUBORDER RUMINANTIA 

INFRAORDER TYLOPODA. F. Caenotheriidae, Oxacron Paroxacron Eoc.-Olig. Eu., Coe- 
nomeryx Plesiomeryx Procaenotherium Olig. Eu., Caenoiherium Olig.-Mioc. Eu. F. 
Anoplotheriidae, Catodontkerium Dacrytherium Leptotheridium Eoc. Eu., Anoplo- 
therium Diplohune Tapirtdus Eoc.-Olig. Eu., Ephelcomenus IHyracodoniherium] 
Olig. Eu. F. Xiphodontidae, Haplomeryx Xiphodon Eoc. Eu., Dichodon [Tetrase- 
Unodon] Eoc.-Olig. Eu. F« Camelidaei R. As. Af. SA., ?Camelodon Poahromylus 
Ptotyhpus Eoc. NA., Dyseotyhpus Eatylopua Poebrotherium Paettdolabia Olig. 
NA., Paraiyhpm Protomeryx Olig.-Mioc. NA., OentUieamehs Mudabis MwtyU 
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oj)us Oxydxictylus Stenomylus Mioc. NA., Alticamelus Procamelus Protolabis 
Mioc.-Plioc. NA., Megacamelm Megatylopus Pliauchenia Pseudoceras Rakomylus 
Plioc. NA., Camclops Gigantocamelv^ Tanupolama Titanotylopus Pleist. NA., 
Camelus Pleist. Eu. ?NA., Pleist.-R. Af. As., Paleolama [Hemiauchcnia] Pro- 
tauchenia Pleist. SA., Paracamelns Pleist. Eu. As., Atichenia [Lama Victigna] 
Pleist.-R. SA. F. Oreodontidae (Merycoidodontidae), Ilyomeryx Proioreodon 
[Eomeryx] Eoc. NA., Bathygenys Eucrotaphus Limnenetes Oreodon [Merycoido- 
don] Oreonetes Olig. NA., Eporeodon Leptauchenia Olig.-Mioc. NA., Cyclopidius 
[Brachymeryx Pithecutes Seapm] Mediochoerus Merychyus Merycochoerm Mery- 
coides Mesoreodon Oreodontoides Paroreodon Phenacocoelus Poatrephes Prcmery- 
cochoerus^ Pronomotherium [Brachycrus Chelonocepkalus] Tickoleptm Mioc. NA., 
Metoreodon Mioc.-Plioc. NA., Ustatochoerus Plioc. NA. F. Agriochoeridae, Diplo- 
hunops Mesagriochoertis Protagriochoerus Eoc. NA., Agriockoerm Olig.-Mioc. NA. 

INFRAORDER PECORA 

SUPERFAMILY TRAGULOiDEA. F. Amphimerycidae, Ampkimeryx Pseudamphimeryx 
Eoc.-Olig. Eu. F. Hypertragulidae, CameUmeryx Leptoreodon [Hesperomeryx] 
Leptotragul'us Oromeryx Simimeryx Eoc. NA., Archaeomeryx Eoc. As., Ileterom- 
eryx Hypisodus Olig. NA., Hypertragulus Leptomeryx NanoiragiUus Olig.- 
Mioc. NA., Allomeryx Floridatragulus Hypermekops Mioc. NA. F. Protocerati- 
dae, Calops Protocera^ Olig. NA., Syndyoceras Mioc. NA., Paratoceras Synthetoc- 
eras [Prosynthetoceras] Plioc. NA. F. Tragulidae, Indomeryx Eoc. As., Phanerom- 
eryx Eoc. Eu,, Cryptomeryx Gelocus Eoc.-Olig. Eu., Lophiomeryx Olig. Eu. As., 
Eumeryx Miomeryx Olig. As., Paragelocus Pseudogelocus Olig. Eu., Bachitherium 
Prodremotherium Olig. Eu., ?Mioc. Af., Dorcatherium Mioc. Af., Mioc.-Plioc. Eu. 
As., Dorcahune Plioc. As., Tragulm Plioc.-R. As., Ilyemoschns Pleist.-R. Af. 

SUPERFAMILY CERVOIDEA. F. Palacomerycidae, Aletomeryx Barbourmeryx BtasUm- 
eryx Bouromeryx Drepanomeryx Dromomeryx Dyseomeryx Machaeromeryx Mat- 
ihomeryx Parahlastomeryx Rakomeryx Mioc. NA., Climacocerus Mioc. Af., Pro- 
cervultis Mioc. Eu., Amphitragulus Mioc. Eu. As. Af., Dremoiherium Olig.-Mioc. 
Eu., Mioc. As., Palaeomeryx Mioc. Eu. As., Lagomeryx [Heterocemas] Mioc. Eu., 
Mioc.-Plioc. As., Craniocera^ Lonqirostromeryx Mioc.-Plioc. NA., ^Pediomeryx 
Plioc. NA. ?Moschus Plioc.-R. As., F. Cervidae, R. Eu. As. NA. SA., Palaeoplaiy- 
cerus Mioc. Eu., Stephanocemas Mioc. Eu. As., Micromeryx Mioc. Eu., Plioc. As., 
Dierocerus [Heieroprox Euprox] Mioc.-Plioc. Eu. As., Cervavitus Euctenoceros 
Metacervocerus Pliocervns Procerus Plioc. Eu., Bohlinella PPlioc. EAs., Cervavus 
Eostyloceros Epirusa Paracermdus Platycemas Plioc. As., Cervocenis Procapreolus 
Plioc. Eu. As., Metacervulus Plioc. Eu., Plioc.-Pleist. As., Axis Plioc.-Pleist. Eu., 
Pleist. EInd., Pleist.-R. As., Evsladoceros [Polycladus] Plioc.-Pleist. Eu. As., 
Elaphurus Pseudaxis Plioc.-R. As., Muntiacus [Cervidus] Plioc.-R. As., Pleist, 
EInd., Capreolus Plioc.-R. Eu., Pleist.-R. As., Cervus [Elaphus Euryceros] 
Plioc.-R. Eu. As., Pleist. NAf., Pleist.-R. NA., Cervalces Procoileus Pleist. NA., 
Antifer [Paraceras Habromeryx] Morenelaphus PalaeoodocoUeus Pleist. SA., 
Megaoeros [ Ake] Pleist. Eu., Euryceros Pleist. Eu. As. NAf., Megaceroides Pleist. 
NAf., Sinomegaceros Pleist. As., Dama Pleist. WAs., Pleist.-R. Eu. As., Alces 
Rangifer Pleist.-R. Eu. As. NA., Odocoileus Pleist.-R, NA. SA., Hippocamelus 
Mamma Ozotoceros Pudu [Furdfer] Pleist.-R. SA., Hydropotes Rvcervus Rusa 
Pleist.-R. As. F. Oiraffldae, R. Af., Pcdaeolragus [ Achtiaria] Mioc.-Plioc. As. 
Eu., }Propakmmeryx [Progirc^a] Mioc.-Plioc. As., Bmmatherium Girajfok&ryx 
Homnotherium Hydaspidotherium Visknutherium Plioc. As., Samoiherium Plioc. 
Eu. As., ?Idbytherium PHoc. Af., BMinia [Orasius] Hioc. Eu., HeUadotherium 
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[Panolherium] Plioc. Eu. WAs., Pleist. Af., Girajfa [Camelopardalis] PIioc.--Pleist. 
As., Pleist.-'R. Af., Grigiiatherium Pleist. Af., Sivatherium [Indratherium] Pleist. 
As. Af. 

SUPERFAMILT BOVOIDEA. F. Antilocapiidae, R. NA., Merycodus [Cosoryx] Ramoceros 
[Merriamoceros Paramoceros] Mioc.-Plioc. NA., Ceraiomeryx Hexameryx Hexo~ 
helomeryx Meryceros [Submeryceros] Osbomoceros ProantUocapra SphenophcUos 
[Plioceros] Plioc. NA., Capromeryx [Dorcameryx Texoceros] Ilingoceros Plioc.- 
Pleist. NA., Teirameryx [ Hayoceros Stockoceros] Pleist. NA., Antilocapra Pleist.- 
R. NA. F. Bovidae, R. Eu. As. Elnd. Af. NA., Eotragus [Eocerus] Strogvlognathm 
Mioc. Eu. Af., Miotragoceros Proiragocerua Mioc. Eu., Sirepsiporiax ?Mioc. Eu., 
Plioc. As., Proteiraceros Mioc. EAs., Propalaeoryx Mioc. Af., Antilospira Cam^ 
hayella Dorcadoryx Dorcadoxa Helicoportax Hydaspicobtia Kohikeryx Lyrocerus 
Megalovis Olonhulukia Pachygazella Pachyportax Perimia Plesiaddax Proamphi- 
bos Proleptobos Prosinoiragus Pseudobos Qurliqnoria Ruticeros Selenoportax 
Sinoreas Sinoryx Sinotragus Sivajoeros Sivaportax Sivoreas Tossunnoria Trago- 
portax Taaidamoiherium Urmiaiherium Viahnumeryx Plioc. As., Leptotragua 
Pachyiragua Prodamaliacus Pseadotragiia Samotragua Plioc. WAs., Criotherium 
Graecoryx Microtragua Parurmiatherium Proatrepsiceroa Plioc. WAs. Eu., Heli- 
coceras Helicophora Helicoiragtia Oioceroa Palaeoryx Paraboaelaphua Parapro- 
toryx Protoryx Proiragelaphua Tragocerus Tragoreaa Plioc. As. Eu., Gazellospira 
Plioc. ?As., Eu., Hemistrepsiceros Procamptoceraa Procobus Plioc. Eu., Palaeoreas 
Plioc. As., NAf., Plioc.-Pleist. Eu., Connochaetes PPlioc. Eu., Pleist.~R. Af., 
Sphenopkalos Plioc. NA., GazeUa Plioc.~Pleist. Eu., Plioc.~R. As., Pleist.-R. Af., 
Hippoiragua Plioc. Eu., Plioc.-Pleist. As., Pleist.-R. Af., Nemorkaedm Plioc. Eu., 
R. As., Paraboa Plioc. Eu. Af., PPleist. NA., Indoredunca Sivatragua PPlioc., Pleist. 
As., Oreaa Strepaiceros Plioc. As., Pleist.“R. Af., Hemibos Spirocerua Plioc.-Pleist. 
As., Taurotragus Plioc.-Pleist. As., Pleist.-R. Af., Boaelaphus Plioc.-R. As., 
Antilope Plioc.-R. As., Pleist. Elnd., Ovia Plioc.-R. As., Pleist.~R. Eu. Af. 
NA., Leptoboa Pleist. Eu, As. Elnd., Amphiboa Bodpaia Bucapra Damalops 
Gangicobua PkUybos Proboaelaphua Prohubaliis Sivacapra Sivacobus Sivadenota 
Sivoryx Viahniucobus Pleist. As., Bularchua Megalotragua Orangiaiherium PcUaeo- 
Iragiacus Parmulariaa Pelororia Pelorocerua Phenctcoiragus PuUiphagonides Rkyn- 
otragua Thaleroceroa Pleist. Af., Bathylepiodon Pleist. EAf., Aftonius Bootherium 
Euoeratherium Oidleya Neotragocerua Preptoceraa Symboa Pleist. NA., ?Nothoboa 
Pleist. SA., Duboiaia Pleist. Elnd., Myotragua Pleist. Balearic Is., Poephagua 
Pleist. Alaska, R. As., Saiga Pleist. Alaska, Pleist.-R. Eu. As., Bison [Superlnaon 
Simobiaon Stelabiaon] Pleist, As., Pleist.-R. Eu. NA., Cobua Pleist. As., Pleist.- 
R. Af., Parabubalia PPleist. As., Hemiiragus Pleist. Eu., R. As., Oviboa Pleist. Eu. 
As., Pleist.-R. NA., Antidxircaa Pleist. Eu. As., R. Af., Bihoa Pleist. Eu., Pleist.- 
R. As. Elnd., Bttdorcaa PanBiolopa Procapra Tetraeeroa Pleist.-R. As., Bubalus 
Pleist.-B. As. Elnd., Boa Capra Pleist.-R. As, Eu. NAf., Ibex Pleist.-R. Eu., 
Rupieapra Plei5t.-R. Eu., R. WAs., Addax Adenota Aloelaphua [Bvbalia] Am- 
motragua Beairagua Cepkalophua Certfieapra Damaliaeus Gorgon Neaotragtia Phi- 
lantomba Redunca Sykieapra Syncerua Pleist.-R. Af., Oryx Pleist.-R. Af., R. 
WAs., Oreamnoa PleisL-R. NA. 

Ordsr Edjqmtata (Xsnabthba) 

suBonniBB PALASANODONTA. F. Metachdromyidae, Pcdaeanodcm Paleoc.-£oc. NA., 
Metacheiromya £oc. NA. F, Bpoicothaiiidae EpoicoBierium Xenocranitm Olig. NA. 

Sl7BOBl>S» PILOBA 

iNPRAOBnaft 6RAvxaBA0A. F» Magtloiiycliidaef Orophodm ProaeMmnxfBieriam Oiig, 
SA., Bapdopa Oifg,-Mioc« fiA., Aw^moarphua Eucbdkmpa Bl/pmiap§ua Maya* 
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lonychotherium Menilaua Neohapalopa Orthotherium Parahapalops Pelecyodon 
PlioTnorphtLS Protomegalonyx Pseudohapalops SchisTnotherium Xyophorus Zami- 
crus Mioc. SA., Pronothrotkerium Mioc.-Plioc. SA., PPlioc. NA., ? Amphiocnua 
Diheterocnus Heterocnua Megalonychoiherium fSinclairia Synhapalops Plioc. SA., 
Megalonyx Plioc.-Pleist. NA., Nothrotherium Pleist. NA. SA., Notkropus Pleist. 
SA., Acratocnus MegcUocnua Mesocnus Microcnus Miocnus Parocnus Pleist. 
Wind. F, Megatheriidaei Eomegatkerium Megathericulus Planops Prepotherium 
Mioc. SA., Plesiomegatkerium Promegatherium Mioc.-Plioc. SA., Megatherium 
Mioc.-Pleist. SA., Pleist. NA., Megatheridium Megatheriops Pliomegaiherium 
Pyramiodontherium Plioc. SA., Neoracantkus Paramegatherium Pleist. SA. F. 
Mylodontidae, Octodontoiherium Olig. SA., Analcitherium Diodomus Intkodon 
Nematherium Neonematherium Nephotherium Promylodon Ranculus Stenodon- 
therium Strabosodon Mioc. SA., Scelidotherium Mioc.-Pleist. SA., Elassotherium 
Eumylodon Laniodon Octomylodon Pleuroleaiodon Proacelidodon Sphenotherus 
Plioc. SA., Glossotkerium Lestodon Scelidodon Plioc.-Pleist. SA., Catonyx Para- 
mylodon Platyonyx Pleist. SA., Mylodon [Neomylodon Grypotherium] Pleist. 
SA. NA. 

INFRA.ORDER TARDioRADA. F. Bfadypodidae, R. SA. 

INFRAORDER VERMILINGUA. F. Myimecophagidae, R. SA., ?Promyrmecophagus ?Pro- 
tamandua Mioc. SA., Neotamaudua Palaeomyrmedon Plioc. SA., Myrmecophaga 
Tamandua Pleist.-R. SA. 

SUBORDER LORiCATA. F. Dasypodidae, R. SA. CA., Utaetus Paleoc.-Eoc. SA., Anteutaius 
Anutaetus Archeutatus Astegotherium Coelutaetus Hemieutatus Iseutaius Orthu- 
taeius Pachyzaedius Posteutaius Paeudeutatus Eoc. SA., Meteutatua Eoc.-Olig. SA., 
Amhlytat'ua Maehlydotherium Paevdoategotherium Sadypua Stegotheriopaia Olig. 
SA., Prodaaypua Proeutatua Prozaedius Stenotatua Olig.-Mioc. SA., Daayprodon 
Pareutatua Praeeuphractua Stegotherium Vetelia Mioc. SA., Euiatua Mioc.-Plioc. 
SA., Acantharodeia Chaetophraciua DoeUotatua Eutatopaia Kraglievichia Ma- 
croeuphrojctua Plaina Pontotatua Proeuphractua Vaaallia Plioc. SA., ChUimydo- 
therium Propraopua Plioc.-Pleist. SA., Zaedyua Plioc.-R. SA., Daaypua [Taiu] 
Plioc.-R. SA. NA., Chlamydophorua Pleist. SA„ Holmeaina Pleist. NA., Euphrac- 
tua Tolypeutea Xenurua Pleist.-R. SA. F. Peltephilidae, Parapeltocoelua Olig. SA., 
PeUecoelua Peltephilua Olig.-Mioc. SA., Anantioaodon Epipeltephilus Mioc. SA. 
F. Glyptodontidae, Glyptatelua PalaeopeUia Eoc.-Olig. SA., Lomaphorelua Olig. 
SA., Propalaehoplophorua Olig.-Mioc. SA., Aateroatemma Chiamypkractus Coch- 
hpa Comaphorua Eucinepeltua Lomaphoropa Metopotoxua Prologlyptodxm Paeu- 
doeuryurua Mioc. SA., Palaehoplophorua Parahoplophorua Urotherium Mioc.- 
Plioc. SA., Aapidoealyptua Berthawyleria Castellanoisia Coacinocerctia Eleuthero- 
cercua Eoaclerocalyptua Hoplophractua Nopachihua Palaeodaedicurua Paraglypto- 
don Plaxhaplua Phhophoroides Plokophoropa Plohophorua Prodaedicurua Pro- 
panockthua Paeudoplohophorua Slromaphorua Stromaphoropaia Teiaaeiria Trabalia 
Trachycalyptua Plioc. SA., Daadicurua Olypiodon Lomaphorua Neuryurua Sdero- 
calyptua Xiphuroidea Plioc.-Pleist. SA., Boreoatracon Brachyoatracon Euryodon 
Glyptotherium Heterodon Hoplophorua Neotkoraeophorua Panocktkua Zaphilua 
Pleist. SA. 

Order Pholukfta. F. Manidae, R. Af. SAs., fLeptomania Olig. Eu., WaUiaetaiua ?Teu- 
iomama Mioc. £u., Mania Heist.-R. As., R. Af. 

Order Cetacea 

stTBORDEB ARCEAEOCETX. F« PTOtocetldaei Eoceiua Pappocetua Prozetiglodon Eoc. Af., 
Protoeahia Eoc. Al. NA* F« Dorndoatidaey Dorudon Eoc. Af. NA., Zygrorhiza Eoc. 
Eu* NAf Kekemdon Olig*. N2L, Pkocoeatua Mioc. Eu. F* BasOosaoridae (Zcug^ 
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dontidae), Basilosaurus [Zeuglodon] }Poniogenem Eoc. NA., Mammalodon ?Eoc. 
Aus., Pachycetus Platyosphys Olig. Eu. 

SUBORDER INCERTAE sEDis. Agriocetiis Pairiocetus Olig. Eu. 

SUBORDER ODONTOCBTi. F. Agorophiidae, Agorophius Archaeodelphis Xenorophua Eoc. 
NA. F. Squalodontidae, Microcetus Olig. Eu. NZ., Microzcuglodon Olig.-Mioc. 
Eu., MicTosqualodon Neosqualodon Rhytisodon Trirhizodon Mioc. Eu., Squalodon 
Mioc. Eu. NA. NZ., Colophonodon Saurocetus Mioc. NA., Phoberodon Mioc. SA., 
Prosqmdodon Mioc. SA. Aus. ?NZ., Tangarasamus Mioc. NZ., Metasqualodon 
Parasqualodon Prionodelphis Plioc. SA. F. Iniidae, R. SA. EAs., Ilesperocetus 
Mioc. NA., Proinia Mioc. SA., Anisodelphis Ischyrorhynchm Plicodontinia Pon- 
ioplanodes [Saurodelphis] Plioc. SA., Goniodelphis Mioc.-Plioc. NA. F. Ziphiidae, 
R. Oc., Anoplanassa Belemnoziphius Eboroziphius ? PelycorJmmphus Prorozi- 
phius Mioc. NA., Choneziphius Mioc. NA., Mioc.-Plioc. Eu., Mesoplodon Mioc. 
NA., Mioc.-Plioc. Eu., R. Oc., Imcucetus Diochotickiis Mioc. SA., Cetorhynchus 
Palaeoziphius Squcdodelphis Ziphioides Ziphirostrum [Mioziphins] Mioc. Eu., 
Berardiopsis Plioc. Eu. F. Delphinidae, R. Oc. SA., Agabelus Allodclphis Be- 
losphys Ceterhinops Delphinavm Delphinodon Doliodelphis Grypolithax Ixacanthus 
Kentriodon Lamprolithax Liolithax Lophocetm Loxolithax Macrodelphinus Mega- 
lodelphis Nannolithax Oedolithax Plaiylithax Priscodelphiniis Tretosphys Mioc. 
NA., Champsodelphis Delphinopsis Eoplaianista Heterodelphis Iniopsis Macro- 
chirifer Palaeophocaena Pithanodelphis Protodelphinus Prolophocaena Stereodcl- 
phis Zyphiodelphis Mioc. Eu., Acrodelphis Pomatodelphis Mioc. Eu. NA., Argy- 
roceius Mioc. NA. SA., Eurhinodelphis Mioc. Eu. NA. EAs., Sinanodelphis Mioc. 
EAs., Schizodelphis [Cystodelphis] Mioc. Af., Mioc. Eu. NA., Miodelphis Mioc. 
NA., Plioc. Eu., Tursiops ?Mioc., Plioc.-Pleist. Eu., Pleist. NA., R. Oc., Loncho- 
delphis Plioc. NA., Pontistes Pontivaga Plioc. SA., Hemisyntraohelus Steno Plioc. 
Eu., Delphinus Plioc. Eu., R. Oc., Orcinus [Orca] Plioc. EAs., Plioc.-Pleist. Eu., 
R. Oc., Pseudorca Plioc. Eu. EAs., R. Oc., Delphinapterus Pleist. Eu. NA., R. Oc., 
Globicephala Pleist. NA., R. Oc., Stenodelphis Pleist. NA., R. SA., Phocaenopsbt 
Pleist. NZ., Phocaena Pleist. EAs., R. Oc., Monodon Pleist. Eu. NA., R. Arc. F. 
Platanistidae, R. SAs., Zarhachis Mioc. NA. F. Kogiidae, R. Oc., Kogia Plioc. 
EAs., R. Oc., Kogiopsis Plioc. NA. F. Physeteridae, R. Oc., Avlophyseter Dino- 
ziphius ?Graphiodon Idiophyseier Orycterocetm Mioc. NA., Ontocetus Mioc. NA. 
EAs., Diaphorocetus Idiorophus Mioc. SA., Scaptodon Mioc. Aus., Hoplocetus 
Mioc. Eu. ?NA., Physeterula Placoziphius Prophyseter Scdldicetus Thadasboceius 
Mioc. Eu., Physeter Mioc.-Pleist. NA., Pleist. Eu., R. Oc., Bcdaenodon Priscophy- 
seier Plioc. Eu., Physetodon Plioc. Aus. 

SUBORDER MYSTicETi. F. Cetotheriidae, Mauicetus Olig. NZ., Cephalotropis Cophocetus 
Mixocetus Parietohalaena Peripolocetus Rhagnopsis Siphonocetm Tiphyocetus 
Tretvlias Ulias Mioc. NA., Metopocetus Mioc. NA. Eu., Aglaocetus Palaeoba- 
laena Mioc. SA., Cetotheriopis [Aulocelus] Mioc. SA. Eu., Auhcetua Cetotherio- 
morphus Etusetotherium Herpetoceius Pachyacanth'us Mioc. Eu., Cetotherium Iso- 
cetus Mesocetus Mioc. Eu. ?NA., Plesiocetopsis [Plesioceius] Mioc. NA. SA., Plioc. 
Eu., Amphiceiua Heierocetus Plioc. Eu., Nannocettis Plioc. NA. F. Rhachianecti- 
dae, R. Oc., Rkackianectes Pleist. Eu., R. Oc. F. Balaenopteiidae, R. Oc., Meso- 
teras Mioc. NA., Burtinopsis Cetotheriophanes Idiocetus Megapteropsis Plesiocetus 
Plioc. Eu., Bcdaenoptera Plioc.-Pleist. Eu. NA., R. Oc., Megapiera Plioc. Eu., 
Plioc.-Pleist. NA., R. Oc. F. Balaenidae, R. Oc., Morenocetus Mioc. SA., Balaetw- 
Itis Baiaentda Palaeocetus Protobalaena Plioc. Eu., Bolaena Plioc.-Pleist. Eu., R. 
Oc., Nciiocetus Plioc. SA., Euhaiaem Pleist. SA., R. Oc. 
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Order Rodentia 

SUBORDER SCIUROMORPHA 

SUPERFAMILY APLODONTOiDEA. F. IschyTomyidae, Paramys Paleoc.-Eoc. NA., Eoc. 
Eu., Ischyrotomus Leptotomus Mysops Pareumya Pseudotomus Rapamys Reithro- 
paramys Sciuravm Taxymys Tillomys Eoc. NA., Plesiarctomys P,oc. Eu., ?Plesio- 
spermophilus ?Sciurodon Eoc.-Olig. Eu., Cylindrodon Ischyromys ManiUcha 
Pseudocylindrodon ?Sespemys Titanotheriomys Olig. NA., Ardynomys Prosciurus 
Olig. NA. As., Cyclomys ^Tsaganomys Olig. As., ?Kansasimys Plioc. NA. F. Aplo- 
dontidae, R. NA. As., Eohaplomys Eoc. NA., Allomys Haplomys Meniscomys 
Mioc. NA., Lwdonim Mioc.-Plioc. NA., Aplodontia [Psevdaphdon] Plioc.~R. 
As., Pleist.-R. NA. F. Mylagaulidae, Eutypomys Olig. NA., Ceratogaulus Meso- 
gaulus Mylogaulodon Promylagaulm Mioc. NA., Mylagaulus Mioc.-Plioc. NA., 
Epigaulus Plioc. NA. F. Protoptychidae, Protopiychus Paleoc.-Eoc. NA. F. Eomy- 
idae, Protadjidaumo Eoc. NA., Eomys Eoc.-Olig. Eu., Adjidaumo Paradjidaumo 
Olig. NA., Omegodus Rhodanomys Mioc. Eu. 

SUPERFAMILY sciuROiDEA. F. Sciuiidae, R. Eu. As. Af. NA. SA., Palaearciomys Mioc. 
NA., Citellus [Spermophilus] Mioc.-R. NA., Pleist.-R. Eu. As., Pteromys ?Mioc.- 
R. Eu., Pleist.-R. As., Sciurus Mioc.-R. Eu. NA., Plioc.-R. As., Pleist.-R. SA., 
Marmota [Arctomys] Plioc.-R. NA., Pleist.-R. Eu. As., Tamias [Eutamias] 
Plioc.-R. NA. As., Sclvrotamias Plioc.-R. As., Otospermophilus PPlioc., Pleist.-R. 
NA., Cynomys Glaucomys Tamasciurus Pleist.-R. NA., Petaurisia Pleist.-R. As. 
Eliid., R. Eu., Ratufa Pleist.-R. EInd., R. SAs. F. Castoridae, R. Eu. As. NA., 
Agnotocasior Olig. NA., Steneofiber ?01ig., Mioc. Eu., Euhapsis Hystrwops Pa- 
lacocasior Mioc. NA., Amhlycastor Mioc. NA., Mioc.-Plioc. As., Anchitherwmys 
Palaeomys Mioc. Eu., Chalicomys Mioc.-Plioc. Eu., Monosaulax Mioc. PPlioc. 
NA., PMioc. Eu., Sinoca^tor Plioc. As., Dipoides Plioc. Eu. As. NA., Eucastor 
Plioc. NA., Trogontherium Plioc.-Pleist. Eu., PPleist. As., Castor Plioc.-R. Eu. 
As. NA., Castoroides Eucastoroides Procastoroides Pleist. NA. 

SUPERFAMILY GEOMYoiDEA. F. Geomyidae, R. NA. CA., Diplolophus Olig. NA., Dik- 
Icomys Entoptychus Grangerimus Gregorymys Pleurolicus Mioc. NA., Thomomys 
PMioc. PPlioc., Pleist.-R. NA., Geomys Mioc.-R. NA., Pliosaccomys Plioc. NA., 
Nerterogeomys Plioc.-Pleist. NA., Plesiothomomys Pleist. NA., Craiogeomys 
Pleist.-R. NA. F. Heteromyidae, R. NA. SA., Heliscomys Olig.-Mioc. NA., 
Florentiamys Mookomys Peridomys Proheteromys Mioc. NA., Diprionomys Perog- 
nathoides Mioc.-Plioc. NA., Perognathus Mioc.-R. NA., Cupidinimus Prodipo- 
domys Plioc. NA., Dipodomys lAomys Plioc.-R. NA., Etadonomys Pleist. NA., 
Dipodomys Pleist.-R. NA. 

suPERFAMiLY BATHYERGOioEA. F. Bathjrergidae, R. Af., ?Cyclomylu8 ^Tsaganxmys 
Olig. As., ?Bathyergoides Mioc. Af., Gypsorhynchus Pleist. Af., Cryptomys Geory- 
chus Pleist.-R. Af. 

SUBORDER HYSTRICOMORPHA 

SUPERFAMILY ANOMALUROIDBA. F. Pseudosciuridae, Pseitdosciurus Eoc. Eu., Sciu- 
roides Suevosciurus Eoc,-01ig. Eu. F. Theridomyidae Theridxmys Trecfumys 
Eoc.-Olig. Eu., Altinomys Archaeomys Issiodoromys Nesokerodon Pararchaeomys 
Protechimys Olig. Eu., ?Metaphiomys Phiomya Olig. Af., ?Karakoromys Olig. 
As., fApodecior Wiamantomys ?Paraphi(mys ?PhihinyUa ?Poinonomy8 Mioc. 
Af., P Anomalomys Mioc. Eu. F. Pedetidae, R. Af., Parapedetes Mioc. Af., Pe- 
detes Pleist.-R. Af. F. Anomaluridae, R. Af. 

SUPERFAMILY HYBTRicoiDSA. F. H 3 rstricidae) R. Eu. As. Af., Sivacanthion Plioc. As., 
HyatrixPlioc.-R, Eu. As., Pleist.-R. Af.. Atherurus Pleist.-R. Af. F. Thryonom- 
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yidae, R. Af., Neosciuromys ?Phiomyoides Mioc. Af., ? Peraulacodtis Plioc. As., 
Thryonomys Pleist.-R. Af. F. Petromyidae, R. Af., Peiromys Pleist.~R. Af. ?F. 
Ctenodactylidae, R. Af., Tataromys Olig. EAs., Sayimys Pectinator Plioc. As., R. 
Af. F, Erethizontidae., R. NA. SA., Asteromys Eosteiromys Parasteiromys Prota- 
caremys Olig. SA., Acaremys Sieiromya Olig.-Mioc. SA., Seiamys Mioc. SA., 
Erethizon PPlioc., Pleist.-R. NA., Coendu Pleist.~R. SA., R. CA., Chaetomya 
Pleist.-R. SA. F. Caviidae, R. SA. CA. Wind., Arcfmeocardia [Palaeocardia] 
Cephalomys Litodontomya Luianiua Olig. SA., Callodoniomya Dicardia Eocardia 
Hedimya ? Neoreomya Phanomya Procardia Schiatomya Tricardia Mioc. SA., 
Cardiomya ?Mioc., Plioc. SA., Anchimya Anchimyaopa Cardiatherium Dolicavia 
Eucardiodon [** Cardiodon'*] Hydrochoeropaia Macrocavia Neocavia Neoprocavia 
Nothydrockoerua Orthomyctera Palaeocavia Parodimya Phagatherium Plexochoerua 
Pliodolichoiia Procardioiherium Prodolicotua Prohydrochoerus Protohydrochoerua 
Plioc. SA., Neochoerua Pleist. NA., Hydrochoerus Pleist. NA., Pleist.-R. SA., 
Coma Coelogenya [Cuniculua] Dolickotia Galea Microcavia Pleist.-R. SA., Daay- 
procta Pleist.-R. SA., R. Wind. F. Octodontidae, R. SA. Wind., Eoctodon Prota- 
delphmya Olig. SA., Spaniomya Olig.-Mioc. SA., Adelphomya Graphimya Lomo- 
mya Paramyocaator Scleromya Mioc. SA., Proechimya Mioc.-R. SA., Colpoatemma 
Dicoelophorua Diacolomya Eucoelophorua Eumyaopa Gyrignophtia Haphatropha 
laomyopoiamua Megactenomya Morenia Neophanomys Palaeociodon Phihoramys 
Pithanotomya Plataeomya Proapaniomya Protabrocoma Paeiidoplataeomya Sticho^ 
mya Sirophoatephanua Tramyocaator Xenodontomya Plioc. SA., Abrocoma Myo~ 
caator Plioc.~R. SA., Carterodon Dicolpomya Drytomomya Meaomya Ronchophorua 
Pleist. SA., AUerodon Aphaeireua Boromya Brotomya Heteropaomya Uexolobodon 
Homopaomya laolohodon Ithydontia Pleist. Wind., Capromya Geocapromya Plagh- 
dontia Pleist.-R. Wind., Cercomya Echimya Kannohateomya Pleist.-R. SA. F. 
Dinomyidae, R. SA., Simplimua Mioc. SA., ?Olenopaia Phoheromya Mioc.-Plioc. 
SA., Carleaia Dabbenea Diaphoromya Gyriahrua laoatylomya Neoepiblema Pentaa- 
iylomya Potamarchua Protomegamya Paeudoaigmomya Ruaconia Telicomya Telo- 
donUmya Tetraatylomya Teiraatylopaia Teiraaiylua Plioc. SA., Eumegamya [**Meg- 
amya”] Plioc.-Pleist. SA,, Arnhlyrhiza Clidomya EULarnx)d<miomya Heptaxodon 
Qaemiaia Speoxenva Spirodontomya Pleist. Wind. F* Chinchillidae, R. SA., Peri- 
mya Pliclagoatomua Prolagoatomua Scotacumya Sphaer(mya Olig.-Mioc. SA., fEu- 
aigmomya Mioc. SA., Briaromya Euphilua Lagoatomopaia Plioc. SA., Lagidium 
Lagoatomua Pleist.-R. SA. 

SUBORDER MTOMORPHA 

suPERFAMiLT DiPODOiDEA. F. Zapodidae, R. £u. As. NA., Pkaioaminthua Olig. £u., 
Pliozapua Plioc. NA., Heteroaminthua Plioc. As., Napaeozapua Zapua Pleist.-R. 
NA., Siciata PleisL-R. Eu., R. As. F. Dipodidae, R. Eu. As. Af., ^Sciuromya Eoc. 
Olig. Eu., Protalactaga Mioc.-Flioc. As., Brachyaaitetea Paralactaga Pleaiodipua 
Sminthoidea Plioc. As., AUactaga Plioc.-R. As., Pleist.-R. Eu., R. NAf., Dipua 
Pleist.-R. As., R. Eu. 

SUPERFAMILY MURoxDEA. F. Myozldae (Gliridae, Muscardinidae), R. Eu. As. Af., 
Gliramia Olig. Eu., Heteromyoxua llioc. Eu., Dryomya Mioc.-R. Eu., Eliomya 
Mioc.-R. Eu., R. NAf. WAs., Myoxtu [Glia] Mioc,-R. Eu., R. WAs., Amphi- 
dryomya Plioc. Eu., LeHhia Pleist. Malta, Hypnomya Pleist. Bidaeric Is., Philia- 
iomya Plebt. WAs., Muaeardinua Fl^Bt.-R. Eu., R. WAs. F. Muxidaei R. Cos., 
?Simimya Eoc. NA., SeoiHmna Olig. NA., Eumya OUg. NA. As., Arakmya Eumy- 
aodon Olig. WAs., Crieelopa Salenomya Olig. As., Crieeiodon Olig. As. NA., Olig.- 
Moc. Eu., Schaiubeumya Olig. As., Mioc. NA., Hekroerioetodon Farmrioetodon 
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Olig. Eu., Leidymys Olig.-Mioc. NA., Horaiiomys Palusirimm Poamys Mioc. 
NA., ^Anomalomys JMelissiodon Mioc. Eu., Prosipknetis Mioc.-Plioc. As., Ben- 
sonomys Copemys Cosomys Gonwdontomys Macrognathomys Neondatra Plioc, NA., 
Albphaiomys Anthracomys Baranomys Germanomys Trilophomys Ungaromys 
Plioc. Eu., Acomya Plioc. Eu., R. Af. WAs., Lagunut Plioc. Eu., R. As. NA., 
Neocricetodon Progonomya Stephanomys Plioc. Eu. As., Anatolomys Kanisamys 
Lophocriceius Microtodon Microtoscopies Myotalpavus Nannocrijcetm Paracricetu- 
lus Pleswcrieetodon Pseudomerionea Sinocriceiua Plioc. As., Parapodemm Plioc. 
As., Plioc. Pleist. Eu., Crbetua PPlioc., Pleist.~R. As., Plioc.-R. Eu., Cricetulus 
Plioc.~R. As., Pleist.-R. Eu., Cleiihrionomya Plioc.-R. Eu., Pleist.-R. As. NA., 
GerhiUna Plioc.-R. As., R. Af., Heaperomya Plioc.-R. SA., Maatomya Plioc.-R. 
As., Mimomya Plioc.-Pleist. Eu., Pleist. As. NA., Myoapalax [Myotcdpa Siph- 
netia] Plioc.-R. As., Peromyacua Plioc.-R. NA., Sigmodon PPlioc. As., Pleist.-R. 
SA. NA., Apodemya Plioc.-R. Eu., Pleist.-R. As., R. Af., Anaptogonia Baiomya 
OgmodonUmya Parahodomya Pliolemniia Pliopotamya Sycium SymmetrodonUmya 
Pleist. NA., Eligmodontia Pleist. NA., R. SA., Boihriomya Necromya Ptyaaophorus 
Pleist. SA., Mirua Rhagamya Tyrrhenicola Pleist. Eu., Allocricetua Pleist. Eu. 
WAs., Phodopua Pleist. Eu. R. As., Cricetinna Pleist. As., Coryphomya Pleist. 
Elnd., Majoria Pleist. Mad., Megalomya Pleist. Wind., Mua Pleist. Crete, Cyprus, 
Pleist.-R. Eu. As., R. Cos., Batina [Epimys] Pleist. Crete, Pleist.-R. As., R. 
Cos., Neofiber Neotoma Ondatra Onychomys Phenacomya Beithrodontomys Bynap- 
iomya Pleist.-R. NA., Oryzomya Pleist.-R. NA. SA., Akodon Blarinomya Holo- 
chilm Oxymycterua Beithrodon Bhipidomya Scapteromya ZygodonUmya Pleist.-R. 
SA., Dohmya Pleist.-R. Eu., Pitymya Pleist.-R. Eu. As. NA., Arvicola Evoiomya 
Pleist.-R. Eu. As., Dicroatonyx Lemmua [Myodea] Pleist.-R. Eu. As., R. NA., 
Microtua Pleist.-R. Eu. As. NA., R. NAf., Alticola Eotkenomya Taiera Pleist.-R. 
As., Leggada Pleist.-R. As. Af., Meaocricetua Pleist.-R. As., R. Eu., Arvicanthia 
Pleist.-R. WAs. Af., Golunda Neaokia Pleist.-R. SAs., R. NAf., Jaculua Lophu- 
romya Otomya Saccoatomua Pleist.-R. Af., Ellobiua [Bramua] Pleist.-R. NAf., R. 
Eu. WAs., Merionea Pleist.-R. NAf., R. WAs., Hydromya Pleist.-R. Aus., Leno- 
mya Pleist.-R. Elnd., Hypogeomya Macrotaraomya Pleist.-R. Mad. F. SpalacidaCi 
R, Eu. As. NAf., Bhizoapalax Olig. Eu., Tacky oryctoidea Olig. As., Pararhizomya 
Proiachyoryctea Plioc. As., Plioapahx Plioc. Eu., Proapalax Plioc.-Pleist. Eu., 
Bhizomya Plioc.-R. As., Tachyoryctea Pleist.-R. Af., Spalax Plioc.-R. Eu., Pleist.- 
R. As., R. NAf. 

Ordeb Laoomobpha. F. Eurymylidae, Eurymylua Paleoc. As. F. Ochotonidae, R. Eu. 
As. NA., Titanomya Olig.-Mioc. Eu., Auatrolagomya Mioc. Af., Lagopaia Mioc. 
Eu., Prologue Mioc.-Pleist. Eu., Ochotonoidea Plioc.-Pleist. As., Ockotona [Pro- 
bchoUma] Plioc.-R. Eu. As., Pleist.-R. NA. F. Leporidae, R. Eu. As. Af. NA. SA., 
Mytonolagtis Eoc. NA., Shamolagna Eoc. As., Gohiolagua Eoc.-01ig. As., Archaeol- 
ague Palaeolagua Olig. NA., Deamatolagna Olig. NA. As., Sinolagomya Olig. As., 
AmphUagua Piezodua Olig. Eu., Oreolagua Mioc. NA., Hypolagvs Mioc.-Pleist. 
NA., Plioc.-Pleist. Eu. As,, Dicea Noiolagtta Pediolagua PratUepua Plioc. NA., 
Pliolagua Plioc. Eu. As., AUohgua Plioc. As., Alilepua Plioc.-Pleist. As., Pleist. 
NA., Gaprolagua Plioc. Eu., Plioc.-R. As., Nekrolagua Plioc.-Pleist. NA., Leptia 
Plioc,-R. Eu. As. Af., Pleist.-R. NA., OrycUdagua Plioc.-R. Eu., Pleist.-R. Af., 
Pronolagua Pleist.-R, Af., Bylmhgua Pleist.-R. SA. NA. 
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The books and papers listed below include but a small proportion of even the more funda¬ 
mental and important works dealing with fossil vertebrates. Special emphasis has been given 
to comprehensive monographs, bibliographic sources, and well-illustrated descriptions of typi¬ 
cal forms. Some notes regarding workers in the field have been included. 

Vertebrate paleontology was essentially founded by Cuvier somewhat over a century ago. 
As a comparative anatomist he studied petrefactions in the light of his knowledge of modern 
types. Much of his work is summarized in his Ossemcns fossiles (No. 4). Sir Richard Owen, 
working somewhat later in tlie nineteenth century, was, again, a comparative anatomist and 
the first English paleontologist of importance. Von Meyer, his contemporary, published many 
fine works on German fossils, and Agassiz’s important work on fossil fishes (No. 29) also dates 
from the first half of the century. Neither Cuvier, Owen, nor Agassiz believed in evolution. 
Darwin did no original work in paleontology, but the acceptance of his theories gave a new 
point to the study of fossils and led to a wide expansion of the field. 

In America little work was done until exploration had opened up the great western fossil 
country. Joseph Leidy, the anatomist, whose active career in the field of paleontology was 
mainly between 1850 and 1875, was the first American worker of importance. In the late six¬ 
ties Cope of Philadelphia and Marsh of New Haven entered the field and dominated it until 
the closing years of the century; Osborn, Scott, and Williston began work in the eighties. 

GENERAL WORKS 

1. ZiTTEL, K. A. VON. 1923. Grundzuge der Paldontologie. Munich and Berlin. 

This useful work covers both invertebrates and vertebrates. The last German edition 
of Volume 2 (Vertebrata), revised by Broili and Schlosser, was published in 1923. An 
English translation, revised by Sir Arthur Smith Woodward, is published in two vol¬ 
umes, that on lower vertebrates in 1932, that on mammals in 1925. 

2. Abel, O. 1919. Die Stdmme der Wirbeltiere. Berlin and Leipzig. Pp. 914. 

Contains numerous useful illustrations, particularly of fishes and reptiles. 

3. Lull, R. S. 1929. Organic Evolution. 2d ed. New York. Pp. 762. 

Good elementary accounts of a number of vertebrate groups, including dinosaurs and 
several mammalian orders. A new edition is in preparation (1945). 

4. Cuvier, G. 1834-36. Recherckes sur Us ossemens fossiUs, oH Von rStablit Us caracUres de 
plusieurs animaux dont Us rSvolutions du globe ont dStruit Us esphces. 4th ed. 10 vols.+2 
vols. pis. Paris. 

The first great paleontological work. First issued in 1812. 

5. Abel, O. 1912. Grundziige der Palaeohiologie der Wirbeltiere. Stuttgart. Pp. 703. 

A stimulating study of adaptations in living and fossil vertebrates. 

6. -. 1927. Lebensbilder am der Tierwelt der Vorzeit. 2d ed. Jena. Pp. 714. 

Interesting discussion of a number of representative faunas from Permian to Pleis¬ 
tocene. 

7. -. 1929. Paldobiologie und StammesgeschichU. Jena. Pp. 423. 

8. Stromer, E. 1912. Lehrbuch der Paldozoologie, Vol. 2: Wirbeltiere, Leipzig and Berlin. 
Pp. 325. 

9. ZiTTEL, K. A. VON. 1887-93. Handbuch der Palaeontologies Vols. 3,4: Vertebrata. Munich 
and Leipzig. Pp. 1699. 

A rather full account of the older material. 

10. Abel, 0. 1935. VorzetUiche Lebensspuren. Jena. Pp. 644. 

Discussion of nonskeletal remains—^footprints, eggs, coprolites, etc. 
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11. Boule, M., and Piveteau, J. 1935. Lea fossUes: SlSmSnts de palSontologie. Paris. Pp. 899. 

A systematic account of the faunas of successive eras. 

BIBLIOGRAPHIES 

A few general sources are noted here; other more restricted bibliographies are cited under 
the various groups. 

12. Neues Jahrbuch ftir Minerahgie, Geologie und Palaeontohgie. 1830-. Stuttgart. 

Contains critical reviews of practically all the paleontological literature of the past 
century. Index volumes have been published at irregular intervals. 

13. Palaeontologisches Zentralblait. 1932-. 

Abstracts of the literature since 1932. 

14. Zoological Record, 1864-. London. 

A year-by-year bibliography of all zo6logical papers, arranged taxonomically. The 
literature on fossils is well covered in the more recent volumes, less so in the earlier issues. 

15. Biological Abstracts. 1926-. Philadelphia. 

Covers all biological literature, including paleontology. 

16. IIay, O. P. 1902. “Bibliography and Catalogue of the Fossil Vertebrata of North Ameri¬ 
ca,” Bull, U,S, Geol. Surv.y No. 179. Pp. 868. 

16tt. -. 1929. Second Bibliography .2 vols. Pub, Carnegie Inst. Washington^ No. 

390. Pp. 2003. 

These works list every citation, to the year 1927, of every American fossil form, to¬ 
gether with the general literature on every group ever present in North America. Com¬ 
parable bibliographies of non-American forms are in preparation. 

17. Camp, C. L., and Others. 1940. “Bibliography of Fossil Vertebrates, 1928-33,” Geol. 
Soc. Amer., Spec. Papers, No. 27. Pp. 503. A second volume covering the years 1934-38 
was issued in 1942. Geol. Soc. Amer., Spec. Papers, No. 42. Pp. 663. 

Covers the world literature, in continuation of Hay. 

18. Quenstedt, W. (ed.). 1913-. “Fossilium catalogus, I, Animalia.” Berlin and The 

Hague. 

This series is planned to include eventually bibliographies of all fossil forms; about 
twenty parts dealing with vertebrates have been published. 

vertebrate structure 

19. Bolk, L., and Others. 1931-38. Handbuch der vergleichenden Anatomic der Wirbeltiere. 
6 vols. Berlin and Vienna. 

A comprehensive work on vertebrate anatomy by a large number of specialists. 

20. Parker, T. J., and Haswell, W. A. 1940. A Text-Book of Zoology, Vol. 2. Revised by 
C. Forster-Cooper. 6th ed. London. Pp. 758. 

21. Versluys, j., and Others. 1927. Verglekhende Anatomic der Wirbeltiere. Berlin. Pp. 
906. 

A sound, comprehensive, and up-to-date work. The chapter on the skeleton (by 
Versluys) takes the fossil forms into account. 

22. Neal, H. V., and Rand, H. W. 1936. Comparative Anatomy. Philadelphia. Pp. 739. 

23. Hyman, L. H. 1942. Comparative Vertebrate Anatomy. 2d ed. Chicago. Pp. 544. 

24. Goodrich, E. S. 1930. Studies on the Structure and Development of Vertebrates. London. 
Pp, 907. 

Excellent discussion of many problems dealing with the skull, backbone, fins, etc., in 
lower vertebrates. 
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^5. Reynolds, S. H. 1913. The Vertebrate Skeleton, 2d ed. Cambridge. Pp. 535. 

A standard work, prepared from the paleontologist’s point of view, although dealing 
primarily with living forms. 

26. Edinger, T. 1929. “Die fossilen Gehime,” Ergeb.-Anat u, EntvnekL, Vol. 28. Pp. 249. 

Endocranial structure in all vertebrate classes. A supplement in Fortschr, d. Pal., 1 : 
235-51 (1937). 

27. Gregory, W, K. 1929. Our Face from Fish to Man, New York. Pp. 295. 

Evolution of cranial structure in fossil and recent forms from fish through primitive 
tetrapods to mammals. A more comprehensive work on vertebrate evolution by this au¬ 
thor is in preparation (1945). 

LOWER CHORDATES 

28. Delage, V., and HfeROUARD, E. 1898. TraitS de zoobgie concrete, Vol. 8: Les ProcordSs. 
Paris. Pp. 379-f54 pis. 

Detailed and well-illustrated description of structure and development of lower chor- 
dates. 

No. 22 gives a concise account. 

FISHES, GENERAL 

The first comprehensive study of fossil fishes was that of Louis Agassiz, nearly a century 
ago (No. 29). A more recent thorough survey of the field is that of Smith Woodward (No. 30). 
With these two workers should be ranked Traquair, who published many important papers 
on Scotch Paleozoic fishes during the latter decades of the nineteenth century; and no men¬ 
tion of fossil fishes could be made without reference to Hugh Miller, the Scottish stonemason, 
who collected much of the Old Red Sandstone material studied by Agassiz and published sev¬ 
eral volumes compounded of paleontology, theology, and homely philosophy. Among the com¬ 
paratively few American workers who devoted themselves mainly to fishes may be mentioned 
Newberry, Dean, Eastman, and Patten. Among later European workers may be mentioned 
Pander and Rohon, older Russian workers on Paleozoic material; Leriche, Priem, and Sau- 
vage in France; Hennig and the erratic but brilliant Jaekel in Germany; Watson in England; 
and Stensib of Stockholm, the last two of whom have contributed greatly to our present con¬ 
cepts of fish history. Among current or younger recent workers (particularly active on Paleo¬ 
zoic groups) we may note: Aldinger, Arambourg, Broili, Brotzen, Brough, Bryant, David, 
Dunkle, Graham-Smith, Gross, Heintz, Hilb, Jarvik, Moy-Thomas, Nielsen, Obrutschev, 
Piveteau, Rayner, Robertson, Sllve-Sbderbergh, Weigelt, Weiler, Weitzel, W’'estoll, and E. I. 
White. 

29. Agassiz, L. 1833-44. Richerckes eur bs poissonsfossiles. 5 vols. Pp. 1420-f369 pis. With 
supplement. Monographic dee jxnseons fossiles du vieux grh rouge ou eysbme D^vonien 
(Old Red Sandsbne)de8 lbs Britanniques et de Russie. Neuchatel. Pp. 171 -f 43 pis. 

An account of all forms known at that time. While the text is antiquated, the numer¬ 
ous colored plates are still very valuable. 

30. Woodward, A. Smith. 1889-1901. Catalogue of the Fossil Fishes in the British Mueeum, 
4 vols, London. Pp. 2493+70 pis. 

Not merely a catalogue; in reality a summary of our knowledge of fossil fishes to the 
date of publication. It is still extremely useful, especially for Mesozoic and Tertiary 
forms. 

81. Dean, B. 1916-23. A Bibliography of Fishes, 3 vols. New York. Pp. 2160. 

A complete bibliography of all works on fishes, recent and fossil. An author list, with 
comprehensive indexes. 
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32. Goodbich, E. S. 1909. A Treatise on Zoology (ed. E. Ray Lankbster), Part IX: Verte- 
hata craniatay Ease. I: “Cyclostomcs and Fishes.” London. Pp. 534. 

An excellent account of fishes, living and fossil, with particular attention to mor¬ 
phology. Still good except for some Paleozoic groups. 

33. Berg, L. S. 1940. **Classification of Fishes, both Recent and Fossil,” Trav. Inst ZooL 
Acad, Sci. U,R.8,S,y Vol. 6, Part H. Pp. 517. 

34. Gbegory, W. K. 1933. ‘*Fish Skulls: A Study of the Evolution of Natural Mechanisms,” 
Trans, Amer, Phil, Soc,, 28: 75-481. 

Particularly teleosts. 

35. Moy-Thomas, J. A. 1939. Palaeozoic Fishes, London and New York. Pp. 149. 

An excellent and up-to-date account. 

36. Romer, a. S., and Grove, B. H. 1935. “Environment of the Early Vertebrates,” Amer. 
Mid, Not,, 16:805-56. 

Fresh- versus salt-water origin. 


AGNATHA 

Our older knowledge of ostracoderms was due in great measure to Lankester and particu¬ 
larly to Traquair. Among recent workers may be mentioned Stensib, Kiaer, Bryant, Heintz, 

Robertson, Stetson, and E. I. White. 

37. StensiO, E. a. 1927. “The Downtonian and Devonian Vertebrates of Spitzbergen. I. 
Family Cephalaspidae,” SJcr, om Svalbard og Nordishavet No. 12. 2 vols. Pp. 391-f 112 
pis. 

An exhaustive study of the cranial structure of the Osteostraci, with an account of 
previous work and a discussion of the structure and relationships of all the agnathous 
types. The next is a companion volume. 

38. -. 1932. The Cephalaspids of Great Britain, London. Pp. 220-f 66 pis. 

39. Heintz, A. V. 1939. “Cephalaspida from Downtonian of Norway,” SJcr, norsJe, vidensJe,- 
AJead, i Oslo, mat-nat, Kl,, No. 5. Pp. 119. 

40. Robertson, G. M. 1938. “The Tremataspidae,” Amer, Jour, Sci., 5th ser., 36:172-206, 
273-96. 

41. Kiaer, J. 1924. “The Downtonian Fauna of Norway. I. Anaspida,” SJcr, vidensJe, selsJc, 
KrisUania, mat,-nat KL, Vol. 1, No. 6. Pp. 139. 

First discovered by Traquair in the late nineties, the anaspids became adequately 
known only as a result of Kiaer’s work. A thorough description of the morphology and 
evolutionary significance of typical anaspids. 

42. Stbnsi6, E. a. 1939. “A New Anaspid from the Upper Devonian of Scaumenac Bay in 
Canada, with Remarks on the Other Anaspids,” Handl, Je. svensJc, vetensJc, AJead,, 3d 
ser., Vol. 18. Pp. 25. 

43. Kiaer, J. 1932. “The Downtonian and Devonian Vertebrates of Spitsbergen. IV. Sub¬ 
order Cyathaspida,” SJcr, om Svalbard og Ishavet, No. 52. Pp. 26, 

Detailed account of primitive Heterostracans. 

44. Bryant, W. L. 1936. “A Study of the Oldest Known Vertebrates: Astraspis and Eripty- 
chius,** Proc, Amer, Phil. Soe,, 76 , No. 4 , 409-27. 

On the fragmentary Ordovician material. 

45. White, E. 1. 1935. “The Ostracoderm Pleraspis Kner and the Relationships of the 
Ai^thous Vertebrates,” PhU. Trans, Soy, Soc, London, B, 226:381-457, 

46. Kiaer, J. 1982. “New Coelolepids from the Upper Silurian on Oesel (Esthonia),” Arch, 
naturk, Estlands, 1st ser., 10:169-74. 
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ACAMTHODlAirS 

47. Watson, D. M. S. 1937. “The Acanthodian Fishes,** Phil, Trans, Roy, Soc, London^ B, 
228:49-146. 

Includes a stimulating discussion of the position of the other groups of placoderms 
(Aphetohyoidea). 

ARTHRODIRES 

The earlier work on this group was mainly done by Pander and lYaquair in Europe, and 

by Newberry, Dean, and Hussakof in America. Heintz, Gross, Watson, Stensib, and Dunkle 

are recent writers in this field. 

48. Heintz, A. 1929. “Die downtonischen und devonischen Vertebraten von Spitsbergen. 
II. Acanthaspida,*' Skr, om Svalbard og Iskavet, No. 22. Pp. 81. Nachtrag, Pp. 20. 

Primitive early Devonian forms. 

49. -. 1931. “Untersuchungen Uber den Bau der Arthrodira,** Acta zool., 12:225-39. 

General CLCcount of the group. 

50. -. 1931. “Revision of the Structure of Coccosteus decipiem Ag.,** Norsk geol, tidsskr,, 

12:291-313. 

51. StensiO, E. a. 1934. “On the Heads of Certain Arthrodires. I. Pholidostem, Leiosteus, 
and Acanthaspids,*’ Handl. k. svensk. vetensk, Akad,, Vol. 13, No. 5. Pp. 79. 

52. Watson, D. M. S. 1934. “The Interpretation of Arthrodires,** Proc, Zool, Soc, London^ 
1934, pp. 437-64. 

53. Heintz, A. 1938. “Notes on Arthrodira,** Norsk geol, tidsskr, Vol. 18. Pp. 27. 

54 ^ -^ 1932. “The Structure of Dinichihys: A Contribution to Our Knowledge of the 

Arthrodira,** Bashford Dean MemorUd Volume, New York. Pp. 115-224-fO pis. 

A comprehensive account of Cleveland shale arthrodires by Dunkle is in preparation 
(1945). 

55. -. 1934. “Revision of the Estonian Arthrodira. I. Family Homostiidae Jaekel,** 

Pub. Geol, Inst, Univ, Tartu, No. 38. Pp. 114. 

56. Watson, D. M. S. 1938. “On Rhamphodopsis, a Ptyctodont from the Middle Old Red 
Sandstone of Scotland,** Trans, Roy, Soc, Edinburgh, 69:397-410. 

ANTIARCHS 

57. StensiO, E. a. 1931. “Upper Devonian Vertebrates from East Greenland,** Meddel, om 
Gr^nland, Vol. 86, No. 1. Pp. 207. 

A thorough description of Bothriolepis and Remigolepis and a general consideration of 
the position of the group. A new work by Stensib is in press (1945). 

58. Gross, W. 1931. **Asterolepis omata Eichw. und das Antiarchi-Problem,** Palaeontogr,, 
76:1-62. 

59 . -. 1941. “Die Botkriolepis-Arten der Cellulosa-Mergel Lettlands,** Handl, k, svensk, 

vetensk, Akad,, 3d ser., Vol. 19, No. 5. Pp. 79. 

60. Denison, R. H, 1941. “The Soft Anatomy of Bothriolepis,** Jour, Pal,, 16, No. 5,553-61. 

MACROPBTALICHTHYIDA 

61. StsnsiO, E. a. 1925. “On the Head of the Macropetalichthyids, with Certain Remarks 
on the Head of the Other Arthrodires,” Field Mus, Nat, Hist,, Geol, Ser,, 4 , No. 4,87-197. 

62. Broiu, F. 1930. “Neue Beobachtungen an Lunaspis,** Sitz,->Ber, Akad, Wise, Miinchen, 
1930, Part I, pp. 47-57. 

63. Gross, W. 1933-37. “Die Wirbeltiere des rheinischen Devons,** Abh, preuss, geol, Lande- 
sanst,, new ser., No. 154, pp. 1-83; No. 176, pp, 1-83. 

Identifies Lunaspis as a plaooderm related to Macropeialichthys, Fauna includes other 
f^acoderms and ostracodenns. 
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64. Heintz, a. 1937. “Die downtonischen und devonischen Vertebraten von Spitzbergen. 
VI. Lunaspis-krten aus dem Devon Spitzbergens/’ Skr, om Svalbard og IshaveU No. 72. 
Pp. 23. 

STBGOSBLACHIANS 

65. Bboili, F. 1930. “Ueber Gemiindina stiirtzi” Abh, bavar, Akad. Wtss., mat/i,-nat. Abt., 
new ser., 6:1-24. 

First described by Traquair; redescribed and restored in this paper and that following. 

66. -. 1933. “Weitere Fischreste aus den Hunsrlickschiefern,” Sitz,-Ber. Akad. Wiss. 

Miinchen, 1933, Part II, pp. 269-313. 

( 57 , -, 1933. “Ein Macropetalichthyide aus den Hunsrlickschiefern,“ ibid.. Part III, 

pp. 417-37. 

The fish later named Psevdopetalichthys. 

PALAEOSPONDYLUS 

68. Moy-Thomas, J. A. 1940. “The Devonian Fish Palaeospondylus gunni Traquair,” Phil. 
Trans. Roy. Soc. London, B, 230:391-413. 

The nature of this little fish has been much debated. 

SHABKS 

69. Moy-Thomas, J. A. 1939. “The Early Evolution and Relationships of the Elasmo- 
branchs.” Biol. Rev., 14:1-26. 

An excellent review. 

70. Dean, B. 1909. “Studies on Fossil Fishes (Sharks, Chimaeroids, and Arthrodires,” 
Mem. Amer. Mus. Nat. Hist., 9:211-87. 

Good illustrations of Cladoselache and late Devonian arthrodires. 

71. Gross, W. 1937-38. “Das Kopfskelett von Cladodus vjildungensis Jaekel,” Sencken- 
bergUtna, 19:80-107; 20:123-45, 

72. Moy-Thomas, J. A. 1936. “The Structure and Affinities of the Fossil Elasmobranch 
Fishes from the Lower Carboniferous Rocks of Glencartholm, Eskdale,” Proc. Zobl. Soc. 
London, 1936, pp. 761-88. 

Ctenacanthus, Goodrichia, Tristychvus, Oracanthv^. 

73. -. 1935. “On the Carboniferous Shark, Petrodus patelliformis M’Coy,” Proc. Leeds 

Phil. Lit. Soc., Sci. Sect, 3:68-72. 

A Carboniferous hybodont. On Hybodus, see Woodward, No. 101. 

74. Bigelow, H. B., and Schroedbr, W. C. 1945. “Fishes of the Western North Atlantic,” 
Vol. 1, No. 2: “Cyclostomes and Sharks.” 

In preparation (1945). An illustrated account of modem shark genera, many known 
as fossils. 

75. Fowler, A. W. 1911, “A Description of the Fossil Fish Remains of the Cretaceous 
Eocene and Miocene Formations of New Jersey,” Bull. Geol. Surv. New Jersey, 4: 22-182. 
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396. ScHLOssER, M. 1911. “Beitrage zur Kenntnis der oligozancn Landsaugetiere aus dem 
Fayum, Agypten,” Beitr. Pal. Geol. Oesterr.-Ungarnsy 24:51-167. 

397. Matsumoto, H. 1926. “Contribution to the Knowledge of the Fossil Hyracoidea of the 
Fayum, Egypt,” Bull. Amer. Mm. Nat. Hist.^ 66:253-350. 

PROBOSCIDEANS 

398. Osborn, H. F. 1936-42. Proboscidea: A Monograph of the Discoveryy Evolutiony Migra¬ 
tion, and Extinction of the Mcuitodonts and Elephants of the World, Vol. I: Moeritherioideay 
Deinotherioidea, Mastodontoidea; Vol. II: Stegodontoidea, Elephantoidea. New York. 
Pp. 1675. 

A comprehensive account; the taxonomy and phylogeny arc probably overelaborated. 
For early types see also Andrews, No. 395. 

SIRENIANS 

399. Simpson, G. G. 1932. “Fossil Sirenia of Florida and the Evolution of the Sirenia,” BuU. 
Amer. Mm. Nat. Hist., 59:419-503. 

400. Dep^iret, C., and Roman, F. 1920. “Le Felsinotherium serresi des sables pliocenes de 
Montpellier et les rameaux phyletiques des Sireniens fossiles de I’ancien monde,” Arch, 
Mm, hist. not. Lyon, 12: 1-55. 

400a. SiCKENBSRO, 0.1934. “BeitrSge zur Kenntnis tcrtiiirer Sirenen,” M6m. Mm. hist, nat, 
Belgique, Vol. 63. Pp. 352, 

A brief account in Palaeohiol,, 4, 405-44. 

401. VandsrHoof, V. L, 1937. “A Study of the Miocene Sirenian Desmostylmf* Univ, Cali¬ 
fornia Pub,, Bull, Dept, Geol, Sci,, 24: 169-262. 

SOUTH AMERICAN UNGULATES 

402. Scott, W. B, 1912. “Mammalia of the Santa Cruz Beds. III. Entelonychia,” Rept, 
Princeton Univ, Exped* Patagonia, 6:239-86. 

403. Sinclair, W. J. 1909, “Mammalia of the Santa Cruz Beds: Typotheria.” Rept, Princeton 
IJnic, Exped, Polagmia, 
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404. Scott, W. B. 1912. ''Mammalia of the Santa Cruz Beds: Order Toxodontia,” Rept, 
Princeton Univ, Exped, Patagonia, 6:287-300. 

405. -, 1928. "Astrapotheria of the Santa Cruz Beds,” ibid., 6, Part IV, 301-42. 

406. -. 1910. "Litoptema of the Santa Cruz Beds,” ibid., 7, Part I, 1-156. 

407. Sefve, I. 1923. ”Macratichenia patagonica,” Bull. Geol. Inst. Univ. Upsala, 19:1-21. 

Osteology, restoration, habits. 

408. IvOOMis, F. B. 1914. The Deseado Formation of Patagonia. Amherst. Pp. 237. 

Oligocene forms. 

—^Much of the early work in Ameghino, Nos. 343 and 344; see various recent papers by 
Simpson and Patterson. 

CONDYLARTHS 

Cope was the describer of Phenacodus, central type of the order, and responsible for empha¬ 
sizing its primitive nature. See Matthew, No, 312, pp. 103-62, 185-209; Simpson, No. 313, 
pp. 216-69; Gazin, No, 314, pp. 24-52; Matthew and Granger, No. 317, Parts II and III. 

409. Osborn, H. F. 1898. "Remounted Skeleton of Phenacodus primaevus: Comparison with 
Euprotogonia,” Bull. Amer. Mus. Nat. Hist., 10:159-64. 

PERISSODACTYLS 

HORSES 

410. Loomis, F. B. 1926. The Evolution of the Horse. Boston. Pp. 249+25 pis. 

411. Matthew, W. D. 1926. "The Evolution of tlie Horse: A Record and Its Interpretation,” 
Quart. Rev. Biol., 1:139-85. 

A similar account is published as a guidebook by tlie American Museum of Natural 
History. 

412. Stirton, R. a. 1940. "Phylogeny of North American Equidae,” Univ. California Pub., 
Bull. Dept. Geol. Sci., 25, No. 4, 165-98, 

413. Osborn, H. F. 1918. "Equidae of the Oligocene, Miocene, and Pliocene of North Ameri¬ 
ca, Iconographic Type Revision,” Mem. Amer. Mus. Nat. Hist., new ser., Vol. 2, Part I. 
Pp. 330, 

See also Scott, No. 321, pp. 911-53; Matthew, No. 326, pp. 153-75; Filhol, No. 325, 
pp. 109-94; Boule and Thevenin, No. 338, pp. 79-162. 

414. Sefve, I. 1927. "Die Hipparionen Nord-Chinas,” Pal. Sinica, Ser. C, Vol. 4, Fasc. 2. 
Pp. 91. 

See also Colbert, No, 328, pp. 129-62; Matthew, No. 208, pp. 524-31; Gaudry, No. 
329. 

415. Stehlin, H. G. 1939. "Zur Charakteristischen einiger Palaeotherium Arten des oberen 
Ludien,” Eclog. geol. Ilelvet, 31, 263-92. 

416. Filhol, H, 1888. "Etudes sur les vertebras fossiles dTssel (Aude),” Mim. Soc. gSol. 
France, 3d ser., Vol. 6, Pp. 188. 

Palaeotheres. 

See also Filhol, No. 319, pp. 378-91, No. 320, pp. 68-74; Stehlin, No. 318, Parts II 
and m. 

titanothbres 

417. Osborn, H. F. 1929. "The Titanotheres of Ancient Wyoming, Dakota and Nebraska,” 
Mono. U.S. Geol. Surv., No. 55. 2 vols. Pp, 953. 

Complete accoimt of all known forms. On American Oligocene forms see also Scott, 
No. 321, pp. 871-910. 

418* Granger, W., and Gregory, W. K. 1943. "A Revision of the Mongolian Titanotheres,” 
Bull. Amer. Mus. Nat. Hist., 69:349-89. 
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CHALICOTHEKES 

419. Holland, W. J., and Peterson, O. A. 1913, “The Osteology of the Chalicotheroidea, 
with Special Reference to a Mounted Skeleton of Maropus elatus Marsh, Now Installed 
in the Carnegie Museum,” Mem, Carnegie Mvs., 3:189-406. 

See also Colbert, No. 328, pp. 162 -76; Matthew, No. 327, pp. 516-24. 

TAPIROIDS 

420. Hatcher, J. B. 18Q6. “Recent and Fossil Tapirs,” Amer. Jour. ScL, 4th ser., 1:161-80. 

On Protapims see Scott, No. 321, pp. 749-62. 

421. ScHAUB, S. 1928. “Der Tapirschiidel von Haslen: Ein Beitrag zur Revision der oligo- 
canen Tapiriden Europas,” Abh. schweiz. pal. Gesellsch., 47:1-28. 

See Stehlin, No. 318, Part I. 


rhinoceroses 

There is no comprehensive modern work on this group. Brief summaries of rhinoceros evo¬ 
lution are contained in the first three papers cited. Osborn in earlier, and H. E. Wood in re¬ 
cent, years have been notable students of the rhinoceroses. 

422. Osborn, H. F. 1923. “The Extinct Giant Rhinoceros Baluchitherium of Western and 
Central Asia,” Nat. HiH., 23:209-28. 

Includes a general sketch of rhinoceros phylogeny. 

423. Matthew, W. D. 1932. “A Review of the Rhinoceroses with a Description of Aphelops 
Material from the Pliocene of Texas,” Univ. California Pub., Bull. Dept. Geol. Sci., 20: 
411-80. 

424. Wood, H. E. 1941. “Trends in Rhinoceros Evolution,” Trans. New York Acad, Sci.j 2d 
ser., 3:83-96. 

425. Osborn, H. F. 1898. “The Extinct Rhinoceroses,” Mem. Amer. Mus. Nat. Hist, 1:75- 
164. 

Particularly Eocene and Oligocene forms. 

426. Wood, H. E. 1934. “Revision of the Hyrachyidae,” Bull. Amer. Mus. Nat. Hist, 67: 
181-295. 

427. Peterson, O. A. 1920. “The American Diceratheres,” Mem. Carnegie Mm., 7:399-456. 

428. Ringstrom, T. 1924. “Nashomer der Hipparion-F&una. Nordchinas,” Pal. Sinica, ser. 
C, Vol. 1, Part IV. Pp. 150-1-12 pis. 

—See also Scott, No. 321, pp. 762-872; Filhol, No. 325, pp. 194-205; Matthew, No. 326, 
pp. 150-53, and No. 327, pp. 507-14, 531-35; Colbert, No. 328, pp. 177-214; Gaudry, 
No. 329, pp. 177-318. 

ARTIODACTYLS, GENERAL 

The literature on artiodactyls is vast, and there are few comprehensive treatments. 

429. Pilgrim, G. E. 1941. “The Dispersal of the Artiodactyla,” Biol. Rev., 16:134-63. 

430. Matthew, W. D. 1929. “Reclassification of the Artiodactyl Families,” BulL Geol, Soc. 
Amer,, 40:403-8. 

Based mainly on foot structure. For classifications on other bases see Pearson, No. 
434; Stehlin, No. 318. 

PRIMITIVE FORMS 

431. Sinclair, W. J. 1914. “A Revision of the Bimodont Artiodactyla of the Middle and 
Lower Eocene of North America,” BuU, Amer, Mus, Nat Hist, 33:267-95. 

On European Eocene artiodactyls see Stehlin, No. 318, Part IV; see also Scott, No. 
321, pp. 365-78. 
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8UINA 

432. Kowalevsky, W. 1873. “Monographic der Gattung Anthracotherium Cuv. und Versuch 
einer natUrlichen Classification der fossilen Hufthiere/* Palaeontogr,, 22:131-346. 

A classic work on ungulate classification and evolution. 

433. Stehun, H. G. 1899. “Ueber die Geschichte des Suiden-Gebisses,** Ahh, schweiz, pal, 
Gesellsch,, Vol. 26. Pp. 336. 

434. Pearson, H. S. 1927. “On the Skulls of Early Tertiary Suidae, Together with an Ac¬ 
count of the Otic Region in Some Other Primitive Artiodactyla,” Phil. Trans. Roy. Soc. 
London, B, 216:389-460. 

The braincase of primitive European artiodactyls, with suggestions as to classifica¬ 
tion based on the presence or absence of the mastoid. 

435. Colbert, E. H. 1938. '^Brachyhyops, a New Bunodont Artiodactyl from Beaver Divide, 
Wyoming,” Ann. Carnegie Mm., 27:87-108. 

436. Pearson, H. S. 1928. “Chinese Fossil Suidae,” Pal. Sinica, Ser. C, Vol. 6, Part V. Pp. 75. 

437. Gidley, J. W. 1921. “Pleistocene Peccaries from the Cumberland Cave Deposit,” Proc. 
U.S. Nat. Mm., 67:651-78. 

On early peccaries see Scott, No. 321, pp. 493-505; Matthew, No. 326, pp. 176-81. 

438. Colbert, E. H. 1938. “Fossil Mammals from Burma in the American Museum of Natu¬ 
ral History,” Bull. Amer. Mm. Nat. Hist., 74:255-436. 

Particularly primitive anthracotheres; cf. Colbert, No. 328, pp. 266-79. 

439. Peterson, O. A. 1909. “A Revision of the Entelodontidae,” Mem. Carnegie Mus., 
42-158. 

See also Scott, No. 321, pp. 378-441. 

—See also Stehlin, No. 318, Part V; Filhol, No. 320, pp. 85-240, No. 324, pp. 6-40, No. 
325, pp. 205-32; Scott, No. 321, pp. 441-93; Gaudry, No. 329, pp. 218-44; Colbert, No. 
328, pp. 214-94; Reynolds, No. 832, Vol. 3, Part I. 

LOWER SELENODONT GROUPS 

440. Ht^RZELER, J. 1936. “Osteologie und Odontologie der Caenotheriden,” Aik. schvmz 
pal. Gesellsch., 68:1-88; 69:91-112. 

On European primitive selenodonts see also Stehlin, No. 318, Part VI; Filhol, No. 
319, pp. 355-76, 404-45, No. 320, pp. 79-85, No. 325, pp. 20-36. 

441. Thorpe, M. R. 1937. “The Merycoidodontidae,” Mem. Peabody Mm. Yale Univ., Vol. 

Part IV. Pp. 428. 

On oreodonts and agriochoeres see also Scott, No. 321, pp. 645-733. 

442. Schultz, C. B., and Falkbnbach, C. H. 1940-41. “Contributions to the Revision of the 
Merycoidodontidae, Nos. 1, 2,” Bull. Amer. Mus. Nat. Hist., 77:213-306; 79:1-105. 

CAMELS 

443. WoRTMAN, J. L. 1898. “The Extinct Camelidae of North America and Some Associated 
Forms,” BuU. Amer. Mm. Nat. Hist., 10:93-142. 

444. Peterson, O. A. 1904. “Osteology of Oxydactylm,** Ann. Carnegie Mm., 2:434-76. 

445. Loomis, F. B, 1910. “Osteology and Affinities of the Genus Stenomylm,** Amer. Jour. 
Sci., 4th ser., 29:297-828. 

446. Zdansey, 0. 1926. **ParaMmelm gigas Schlosser,” Pal. Sinica, Ser. C* Vol. 2, Fasc. 4. 
Pp. 42. 

*-See also Scott, No. 821, pp. 602-45; Peterson, No. 828; Matthew, No. 822, pp. 420- 
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39, No. 326, pp. 186-93; Boule and Thevenin, No. 338, pp. 171-95; Young, No. 333, 
Part II, pp. 15-19. 

TRAGULOIDS 

447. Colbert, E. H. 1941. “The Osteology and Relationships of Archaeomeryx^ an Ancestral 
Ruminant,’* Amer, Mus. Novit, No. 1135. Pp. 24. 

See also Filhol, No. 319, pp. 445-67, No. 320, pp. 240 54, No. 325, pp. 232-47; Scott, 
No. 321, pp. 506-603. 

PALAEOMERYCIDS 

448. Stirton, R. A. 1944. “Comments on the Relationships of the Orvoid Family Palaeo- 
merycidae,” Amer. Jour. Sci., 242:633-55. 

449. Matthew, W. D. 1908. “Osteology of lUastomeryx and Phylogeny of the American Cer- 
vidae,” Bull. Amer. Mus. Nat. Hist, 24:535-62. 

450. Frick, C. 1937. “Horned Ruminants of North America,” Bull. Amer. Mus. Nat. Hist. 
Vol. 69. Pp. 669. 

Essentially an illustrated catalogue of a vast collection of American material, mainly 
palaeomerycids and antilocaprids. 

—See also Filhol, No. 324, pp. 40-65, No. 325, pp. 247-(>4; Matthew, No. 326, pp. 193- 
98. 

CERVIDS 

451. Zdansky, 0.1925. “Fossile Hirsche Chinas,” Pal. Sinica, Ser. C, Vol. 2, Fasc. 3. Pp. 90. 

452. Colbert, E. H. 1936. “Tertiary Deer Discovered by the American Museum Asiatic 
Expeditions,” Amer. Mus. Novit., No. 854. Pp. 21, 

See additional notes in Amer. Mus. Novit, No. 1062 (1940). 

—See also Filhol, No. 325, pp. 268 -93; Gaudry, No. 329, pp. 304-8; Reynolds, No. 332, 
Vol. 3, Parts II-IV; Young, No. 333, pp. 19-67; Colbert, No. 328, pp. 314 -23. 

GIRAFPIDS 

453. Bohlin, B. 1926. “Die Familie Giraffidae mit besonderer Beriicksichtigung der fossilen 
Formen aus China,” Pal. Sinica, Ser. C, Vol. 4, No. 1. Pp. 179. 

See also Colbert, No. 328, pp. 323-75; Matthew, No. 327, pp. 535 54; Gaudry, No. 
329, pp. 245-71. 

ANTILOCAPRIDS 

454. Colbert, E. H., and Chaffee, R. G. 1939. “A Study of Tetrameryx and Associated 
Fossils from Papago Spring Cave, Sonoita> Arizona,” Amer. Mus. Novit., No. 1034. Pp. 
21 . 

With notes on antilocaprid phylogeny and taxonomy. 

—See also Frick, No. 450; Matthew, No. 326, pp. 198-206. 

BOVIDS 

455. Pilgrim, G, E., and Hopwood, A. T. 1928. Catalogue of the Pontian Bovidae of Europe in 
the Department of Geology of the British Museum. London. Pp. 144+9 pis. 

456. Pilgrim, G. E. 1939. “The Fossil Bovidae of India,” Pal. Indka, new ser., Vol. 26, No. 
1, Pjp. 356. 

—See also Gaudry, No. 329, pp, 271-304; Young, No. 333, pp. 67-93; Reynolds, No 
332, Yd. 3, Part VI. 
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EDENTATES 

457. Simpson, G. G. 1931. Meiojcheiromys and the Edentata,” lUdL Amer, Mus. Nat. Hist., 
69:295-381. 

See also Matthew and Granger, No. 317, Part V; Scott, No. 321, pp. 955-59. 

458. Burmeister, H. 1874. “Monografia de los glyptodontes en el Museo P6blico de Buenos 
Aires,” An. Mus. pdb. Buenos AireSy 1:1-412. 

459. Scott, W. B. 1903-4. “Mammalia of the Santa Cruz Beds: Edentata,” Rept. Princeton 
Univ. Exped. Patagoniay 6:1-364. 

460. Stock, C. 1925. “Cenozoic Gravigrade Edentates of Western North America,” Pub. Car¬ 
negie Inst. Washingtony No. 331. Pp. 206. 

Detailed description of Nothrotherium and Mylodon and general discussion of occur¬ 
rence and relationships of ground sloths. 

461. Colbert, E. H. 1941. “A Study of Orycteropus gaudryi from the Island of Samos,” Bidl. 
Amer. Mus. Nat. Hist.y 78:305-51. 


whales 

Van Beneden, Abel, and Kellogg have been, successively, the most active students of fossil 
cetaceans. A brief account is given in Lull, No. 3. 

462. Kellogg, R. 1928. “The History of Whales: Their Adaptation to Life in the Water,” 
Quart. Rev. Biol.y 3:29-76, 174-208. 

463. Beneden, P. J. van and Gervais, P. 1880. OsUographie des cStacSs vivants et fossiles. 
Paris. Pp. 642 -f atlas of 64 pis. 

464. Kellogg, R. 1936. “A Review of the Archaeoceti,” Pub. Carnegie Inst. Washingtony 
No. 482. Pp. 366. 

465. Slijper, E. J. 1936. “Die Cetaceen: Vergleichend-anatomisch und systematisch,” Capita 
zool.y Vol. 7. Pp. 590. 

Both fossil and recent forms. 


rodents 

Burke, Schaub, R. W. Wilson, and A. E. Wood are recent students of this group. 

466. Tullberg, T. 18.99. “Ueber das System der Nagethiere: Ein phylogenetische Studie,” 
Nova acta reg. Soc. sci. Upsalay 3d ser., 18:1-514. 

467. Matthew, W. D. 1910, “On the Osteology and Relationships of ParamySy and the Affin¬ 
ities of the Ischyromyidae,” Bull. Amer. Mus. Nat. Hist.y 28:43-72. 

468. ScHLOssER, M. 1885. “Die Nager der europUischen Tertifirs,” Palaeontogr.y 31:9-162. 

469. Scott, W. B. 1905. “Mammalia of the Santa Cruz Beds: Glires,” Rept. Princeton Exped. 
Patagoniu, 6:384-490. 

Earlier work in Ameghino, Nos, 343, 344. 

470. Wood, A. E., and Wilson, R. W. 1936. A Suggested Nomenclature for the Cusps of the 
Cheek Teeth of the Rodents,” Jour. Pal., 10:388-91. 

471. Schaub, S. 1925. “Die hamsterartigen Nagetiere des Tertifirs und ihre lebenden Ver- 
wandten,” Abh. schweiz. pal. GeseUsch.y Vol. 46. Pp. 112. 

A supplementary account in Vd. 49 (1930). 

472. -. 1938. “Tertiiire und quartllre Murinae,” ibid., Vol. 61. Pp. 38. 

473. -. 1934. “Ueber einige fossile Shnplicidentaten aus China und der Mongolei,” 

ibid., Vol. 64, No. 2. Pp. 40. 

474. Stirton, R. A. 1935. “A Review of the Tertiary Beavers,” Univ. Otdifomia Puh.y Bull. 
Dept. Ged. Sci., 23:391-458. 
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475. Wood, A. E. 1935. “Evolution a^d Relationships of the Heteromyid Rodents with New 
Forms from the Tertiary of Western North America,** Ann. Carnegie Mus., 24:73-262. 

476. Wilson, R. W. 1937. “Pliocene Rodents of Western North America,” Pub. Carnegie 
Inst Washington^ 487:21-73. 

477. McGbew, P. O. 1941. “The Aplodontoidea,** Pub. Field Mus. Nat. HiM.^ Ge.ol. Ser., Vol. 
9, No. 1. Pp. 30. 

—See also Matthew and Granger, No. 317, Part IV; A. E. Wood in Scott, No. 321, pp. 
155-269; Matthew, No. 322, pp. 376-79; Filhol, No. 325, pp. 36-46; Matthew, No. 326, 
pp. 74-86; Young, No. 333, Part III, pp. 42-112. 

lAGOMORPlIA 

478. Wood, A. E. 1942. “Notes on the Paleocene Lagomorph, EurymyluSy' Amer. Mns. Novit. 
No. 1162. Pp. 7. 

479. Burke, J. J. 1941. “New Fossil Leporidae from Mongolia,” Amer. Mns. NodU., No. 
1117. Pp. 23. 

—See also A. E. Wood, in Scott, No. 321, pp. 271-362. 




INDEX 


The index is mainly taxonomic. It includes references to all genera contained in the classic 
fication as well as the text, and to the more common popular names. Families are not, in 
general, listed but may be located by consulting the type genus. All taxonomic terms of 
higher rank are given. 

A few of the more general accounts of major skeletal features have been indexed, and 
references are given to the place where various structures are first described or defined. For 
the details of anatomy in the various types, consult the name of the genus or group. Various 
geologic and geographic terms are included. 

[References to classification in boldface; to figures in italics.] 


Aard wolf, 371 
Aardvark, 485 
Abantia, 585 
Abdentea, 322, 611, B64 
Abdominal ribs, 170 
Abrocoma, 503, 626 
AbacUomichthya, 665 
Abaarokiua, 613 
Aeaniharodeia, 623 
Aeanthaspida, 574 
Acanihaapia, 574 
Acanthoderma, 568 
AcantlMdea, 43, 44, 526, 574, BO. 

£7,61 

Acanthodii, 41-45, 515, 518-19. 

520, 622, 523. 526, 674, 632 
Aeanthodopaia, 574 
Aeanthoeaaua, 574 
Aeanthoidea, 574 
Aeantholepia, 575 
Acantlummva, 586 
AeanthojAolia, 254, 600 
Aeanthoplevrua, 6M 
Aoanthopteryini, 100-14, 541, 

649,585^ 

Aeanthorhina, 678, 60 
AeanthoaUma, 590 
Aeanthurua, SS7 
Aconiis, 686 
Aeara, 586 
Aearmya, 626 
Aecipiter, 605 
Ae^tia, 611 
AeentrojJiorua, 680 
Aesrospis, 673 

AesroMmum, 438, 560, 564. 619 
Aeaatrua, 587 
Aoetabolum, 135 
Aehamodon, 447, 620, S38 
Aehdma, 590 
Aefulcnia, 593 
Aehtrmlmya, 593 
Ae^lmya, 593 
Aehirua, 588 
AeJUyaicHa, 611 
Achre^ogmnmua, 588 
Aeithdya, 593 
Acidorkynekua, 580 
Adnonyx, 615 
Adpmavr, 93, 579 
Aoipe^oidea, 89,93, 579 
Actprion, 595 
Amtadm, 611,612 
AmmUodua, 578 
AeoaMua, 618 
Acodohyn^9\B 
A«oiii^627 
Aornidyhaudhva, 578 
Aoorn woniUjl9^20 
Atmtoenua. 623 

AorejU, 866.550,551.555,656. 
Aeroo^^vt. 909 


AaMottljtJtt 

A«roaitt,876 


Acrognathua, 584 
Aerohyaenodon, 811 
Acrohydraapia, 593 
Aerolepia, 90, 579 
Acropmia, 579 
Acropiihecua, 618 
Aerorkabdua, 579 
Acrosauria, 695 
Acroaaurua, 595 
Acrotmnua, 580 
Acrotypotherium 618 
Aeteoaaurua, 596 
Actinistia, 589 
Actinobaiia, 577 
Aetinodon, 151, 526, 590 
Aciinolepia, 574 
Aetinophorua, 579 
Actinoptorygii. 86-114, 519, 
6^89, 634-35 
structure of, 87-89 
Actiornia, 603 
Adaetmtherium, 614 
Adapidae, 342-43, 559, 613 
Adapidium, 613 
Adapts, 342, 343, 613 
Adapisorez, 612 
AdapiaorieiUria, 611 
Adaptive radiation, 5 
Addax,m 
Addogyrinua, 591 
Addoaawua, 594 
Adelospondyli, 591 
Addphomya, 626 
Adenoto, 622 
AdtanlAus, 618 
Adinotherium, 396, 565, 618 
Adiidawno, 625 
Aaoctts, 593 

AdHoaawua, 207, 696, 170 
Aeckmorphorua, 603 
Aedu^, 579 
Aegialitia, 606 
Aagialomia, 608 
AagW^ua, 609 
As^ttts, 607 
Aagyptoaaurua, 599 
Aagyptoauchua, 598 
Adwictia, 615 
Adwocym, 615 
Advrodon, 616 
Aeluroidea, 370-73,615 
Advirognaiima, 601 
Adwopoda, 616 
Aduropaia, 615 


Aslttrosourotdes, 601 
Aduroaavrua, 601 
Aduroaueh\u,90Z 
Aedodon, 597 
Aapiaautua, 589 
Aaptfom^ 266,603 
Aepyornithiforam, 266,603 
Aapyprymnua, 611 
Aermtaurua, 600 
AaOaiMm, 581 
Asffteodonlus, 580 


Aathaoktpia, 581 
AsiWstimm, 579 


A9tdbaUa,B77 
Aatantfii, 899 
AsfoMMirus, 216» 6Bf« t74 


Africa 

Paleozoic, 516, 525, 527, 528 

Mesozoic, 532, 533, 537, 540 

Cennzoic, 547, 552-53, 555, 
558, 559, 661, 562 
A/rtccn(rum, 685 
Aftoniua, 622 
Agabdua. 624 
Agama, 596 
Agaaaizodua, 576 
AgecephalicMhya, 579 
Agdaiua, 610 
Aggioaaurua, 599 
Aglaocetua, 463, 624 
Agnatha. 23-37, 673-74, 631 
Agnop erua, 604 
Agnoiocaator, 625 
Agomphua, 693 
Agonua, 588 
Agorophttia, 489, 624 
Agriocetua, 624 

AgHochoeridae. 457-58,558,621 
Agriochoerua, 457, 458, 561, 621, 
S4B 

Agriotherium, 616 
Agroaaurua, 598 
Aguatylua, 611 
Aigialosauridae, 207, 596 
Aigtcdosaurus, 541, 596 
Ailvropua, 616 
AUunu, 378 
AipUhthya, 585 ,87 
Air bladder, 85 
Aistopoda, 158, 524, 591 
Aix,604 
Aiata, 604 
Akidognathua, 602 
Akodon, 627 
Akrochdya, 594 
Alachtharium, 616 
Alamoaaurua, 699 
Alamoaemya, 593 
Alaator, 613 
Aiouda, 609 
Albatross, 268 
Albert mines, 516, 521 
A&artogaudrya, Ml, 616 
Albertoaaurua, 599 
Albian, 533 
Albula, 581 
AI&ttmtM, 583 
Alea, 607 
Alcae, 607 
Aice, 621 
AloMinee, 608 
Aleedo,608 
Aledaphva, 622 
Alcst,469.621 
Alcidae, 271, 607 
Aldingeria, 580 
Aleetoria, 605 
Alactroaaurua, 599 
Akgeinoaaurva, 590 
Akataa, 583 
AMAeaaurua, 986 
AMoeyon, 616 
AUtomaryx, 621 



Alilepua, 627 
Aliaodon, 583 
Alispbenoid, 296 
Alitoxodon, 618 
AUaetaga, 626 
AUe, 607 
Alligator, 598 

AUigatoreUua, 221, 597 18£ 
Alligatoridae, 222, 598 
Alligatorium 697 
Alloeeropa, 619 
Allocricetua, 627 
AUoeyon, 615 
AUodapoauehaa, 598 
AUoddphia, 624 
AUodeamua, 380, 616 
Alloechelya, 694 
AUognathoauehua, 598 
AUotagua, 627 
AUolepidotua, 581 
AUomeryx, 621 
Allomya, 625 
AUopkwon, 694 
AUophaimya, 627 
Alloaaurua, 236, 538, 599 187, 
190,19£ 

Ailotheria, 610 
Allotriognathi, 113, 689 
Alopecideopa, 602 
Alopecoeyon, 615 
Alopecodon, 802 
Alopacognathw, 602 
Alopeeopaia, 602 
Alopacorhinua, 602 
Alopn, 616 
Ahpiaa, 576 
Alopiopaia, 577 
Awpoaavxua, 601 
Afosa, 582 
Aloaim, 682 
Alomtta, 348, 614 
Alphodon, 611 
Alterodon, 626 
Alticamdua, 621. 9S7 
Attteola, 627 
Altinmya, 625 
AUiapinax, 598 
Alytaa, 691 
Alaadaaaurua, 595 


inalitzkia, 601 
imtuom, 607 
imbloetonua, 614 
imiMothariwn, 610 
imidyoaator, 625 
iniUypeaa, 693 
inblypharyngodon, 583 
Imblypoda, 386-90, 551, 555. 

556, 558, 561, 563. 616. 

654-55 

itnblypriaHa, 577 
imblyptarina, 579 
imldupttnu, 579 
imblyrhi^, 628 
imUyatma, 692 
ImblyatomfMdea, 582 
imUybatua, 623 
indwatem, BB2 


Ameghinia, 608 
Amstvnts. 663 
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VERTEBRATE PALEONTOLOGY 


Americatpit, 574 
Amia. 98» 100, 648. 581 
Amiidae. 100. 681 
AmUnedmrd$ia, 618 
Amioidea, 00-100, 537, 681 
Amiojadt, 581 80 
Amfnodytet, 689 
Ammodytoidaa, 113, 589 
Ammo«attrt(«,598 
Ammotrayua, 622 
Amniota, 22, 163 
Amiiiote egg, 163 
Ampkekepubii, 596 
Amphertaiug, 588 
Amphiagpis, 574 
Amphibamug, 157, 524, 591 
Amphibia, 127-62, 521, 523-24, 
626, 527, 534, 537, 541, 
549,636-38 

classification of, 141-42, 590- 
92 

life-history of, 127-28 

origin of, 139-41 

structure of, 128-39 
Amphibious dinosaurs, 240-45 
Amphibog, 622 
Amphicaenopg, 619 
Amphieentrum, 90, 579, 68 
Ampkicetug, 624 
Amphichelydia, 180-81, 538, 
542, 549, 592-93 
Amphicoela, 591 
Amphieoeltag, 599 
Amphicoelous, 170 
Amphicotylug, 597 
Amphiclicepg, 615 
Amphiciig, 615 
Ampkieynodon, 615 
Anphicyon, 615 
Amphicyonopgig, 616-16 
Amphidolopg, 611 
Anpkidon, 610 
Amphidozothgriuin, 612 
Amphidryomyg, 626 
Amphignathodon, 591 
AmphUagru, 627 
Amphikmwr, 613 
Amphileateg, 312, 313, 610 
Amphimerycidae, 462-63, 563, 
621 

Amphimgryi, 462, 557, 560, 621 
Amphiocnug, 623 
AmpAiorug, 15-19, 21, //, 
Anphipelargua, 604 
Ampkipgrca, 565 
AmpKipithecug, 614 
Amphiplgma, 585 
Anphiprmwrra, 611 
Amphisbaenia, 206,596 
Amphisbaenidae, 596 
Amphiger^tariug, 605 
Amphigpiza, 610 
Amphiatium, 587 
Amphistylic, 39 
AmiAiaule, 584 

AmjMtherium, 313,539,610, $50 
Ampkitragvlua, 564, 621 
Amphiima, 592 
Amyda, 594 
AmiAodon, 578 
Amynodon, 557, 619 
Amynodontidae, 430-37, 560, 
564, 565. 619 
Amynodonlopaia, 619 
Amyaon, 583 
Anabantidae, 588 
Anabantoidea, 113,588 
Anabemicvla, 604 
Anacanthini, 111-12,587 
Anaeodcn, 614 
Anadohpa, 611 
Anaedopogon, 581,582 
AnoefAwton, 581 
Ana^a, 840, 813 ,268 
Atuueim^vhua, 6 ^ 
Anakitimtm, 623 
Axuuiinia,22 
Anancua, 517 
Aimomivi^ 582 
Anoa/iosodm. 623 


Anaptogonia, 627 
Anaptomorphidae, 560, 613 
Anaptomorphug, 613 
Anarkichag, 587 
Anarogaurug, 595 
Anarthraspig, 574 
Anas, 604 
Anagchigma, 590 
Anaspida, 20-31, 515, 518, 573 
A nag pig, 573 
Anatdomyg, 627 
Anatogaurug, 250, 600, 199 
Anchxlophug, 619 
Anchimyg, 626 
Anckimygopg, 628 
Anchippodug, 613 
Anchiiherium, 427, 428. 564, 
567, 619 

Anchomomyg, 613 
Ancigtnodug, 578 
Anctgtrodug, 574 
Anchiceratopg, 600 
Anchtsaurug, 239, 536, 599. 190 
Anehiiheriomyg, 625 
Ancodus, 451, 620 
Aneomoiion, 610 
Ancylocenirum, 596 
Ancylocoelus, 618 
Ancylastylops, 581 
Ancylogtylog, 582 
Ancylutherium, 619 
Andreiopieura, 582 
Andrewsarchug, 366,367,556,614 
Andrewsornig, 606 
Andriag, 161, 592 
Aneoscnrpius, 588 
Aneurolepig, 579 
Angarichthyg, 575 
Angel ^hes, 112 
Angigiorhtnopgig, 597 
Angtgtorkinug, 597 
Anglagpig, 31, 515, 573, SO, 2S 
Anglers, 113 
Anghguckug, 597 
Anguilla, 583 
AnguiUavui, 108, 583 
Aoguimorpha, 206-7, 596 
Anguit, 206, 596 
Angular, 82. 118, 134. 299 
Anhinga, 603 
Amiidae, 597 
Animagaurug, 592 
Anisian, 533 
Anigoddphig, 624 
Anigolambda, 617 
Anigonehug, 617 
Aniggodolopg, 611 
Aniggolornig, 605 
Ankylosauria, 245, 252-53, 600, 
644-45 

Ankylogaurug, 253, 542, 600, 187 
Anna, 602 
Anningia, 600 
Anodontogaurug, 600 
Anogmiug, 582 
Anomalichtkyg, 575 
Anomalomyg, 625, 627 
Anomtdopteryx, 603 
Anomaluroidca, 501-2, 557,560, 
561, 625 

Anomocoela, 691 
Anomoedus, 580 
Anomoiodon, 592 
Anoplanagga, 624 
Anoplopomidae, 588 
Anojdoaaurua, 600 
Anoplotheriidae, 455, 557 563, 
620 

Anoptotheriuin, 455, 560, 620, 
337,343 
Anoateira, 594 
Anowoaorex, 812 
Armypriatia, 577 
Aa«er, 604 
Anmres, 604 
Anseriformes, 269,004 
Antarctica, Deronian of, 517, 
518 

Aniaretoamerua, S06 


Anteaters, 565, 571 
marsupial, 320 
South American, 481-82 
Antelopes, 472-74 
“American antelope," 471 
Antennariidae, 588 
AnleoMunM, 601 
Anteutatua, 623 
Athene, 607 
Anthiag, 685 
Anthodon, 592 
Anihorhina, 613 
Anthracobune, 620 
Anthracokyua, 620 
Anthracokeryx, 620 
Anthracomyg, 627 
Anthracoperea, 585 
Anthracoeaurug, 591 
Anthracoaenex, 620 
Anthracothema, 620 
Anthracothoriidae, 451-52, 558, 
560, 561, 564, 569, 571, 572, 
620 

Anthracotherium, 451, 560, 620, 
SS7 

Anthropoidea, 346-61, 561, 563, 

614 

Anthropopithecua, 353 
Anthropomia, 603 
Anlhus, 609 

Antiarchi, 53 -55, 519, 520, 521, 
522, 575. 632 
Antidorcas, 622 
Antifer, 621 
Antilocapra, 471, 622 
Anttlocapndae, 471, 564, 567, 
571, 622, 659 
Antilope, 622 
Antiloapira, 622 
Antlers, 467, 468-09 
Antliodua, 578 
Antrodemug, 599 
Anirozoug, 613 
Antwerp Basin, 552, 565 
Anura. 155-57, 524, 534, 537, 
591, 638 

Anurognathug, 598 
Anuiaetug, 623 
Aonyx, 615 
Aorta, 683 
Aolus, 347 

Apatadurvg, 36S, 614 
Apateaeanthua, 578 
Apatem^idac, 560, 613-14 
Apatemya, 342, 614 
Apa^eodus, 582 
Apateolepia, 580 
Apatodonoaaurua, 594 
Apatomia, 602 

Apatoaaurua, 240, 244, 538, 599 
Apera, 611 
Aperotemporalia, 593 
Apes, manlike, 351-54 
Aphaetreua, 626 
Ajdianapteryx, 606 
Aphjanepygua, 581 
Aphaneramma, 690 
Ajdianolemur, 613 
Aphdiehthya, 583 


Apheliacua, 612 
Aphelocoma, 609 
Aphahphig, 597 
Aphelopa, 619 
Ajd^oaawua, 594 
Aphndepia, 581 
Aphcbug, 610 
Apfareoderidae, 685 
Aphronorui, 612 
Aphroeaurua, 696 
Apt'dtttm, 561, 814 
Aplax,m 
Ajioconodcn, 610 
Aphdmtia, 497, 625 
Aplodonfidae, 496,560,625 
Aplodontoidca, 497-90,557,626 
Apocopodm, 677 
Apoda, 161~62. 692 
Apodeetor, 026 
Apodmyn, 627 
Apodo, 108,883-64 


Apognoideg, 665 
Apogtagig, 687 
Apra/ctoeleidug, 595 
Aprtonodon, 577 
Apsidospondyli, 142, 590 91 
Apgopdix, 582 
Aptemodug, 328,611 258 
Apterodon, 614 
Apterygiformee, 266, 603 
Apteryx, 603 
Aptian, 533 
Aptornig, 606 
Aquila, 605 
Aquilavug, 605 
Aquitanian, 552 
Ara, 607 
Araeodon, 610 

Araeogcelig, 190, 191, 193, 199, 
206, 528, 594, 146,150,151 
Araeoateus, 587 
Arodomyg, 626 
Arambourgia, 598 
Aramtdes, 606 
Aramiellug, 606 
Aramornts, 608 
A ramus, 606 
Araltnpa, 607 
Arauranian, 552, 666, 567 
Arehaelurus, 615 
Archaeobatia, 678 
Archaeoeardia, 626 
Archaeoceti, 488-89, 558, 562, 
565,566,568, 628-24 
Archaeocycnua, 604 
Archaeodelphts, 624 
Archaeodolopg, 611 
Arc/iasoAtppus, 427, 619 
Archaeohyracotherium, 617 
Arckaeohyrax, 618 
Archaeoindrig, 613 
Archaeolagua, 627 
Archaeolemur, 344, 613 
Archaeomaene, 581 
Archaeomaeuidae, 100, 581 
Arehaeomeryx, 463, 557, 621, 
S36, S49 
Archaeomyg, 625 
Archaeonycteris, 613 
Arekaeophaatanug, 605 
Archaeophia, 596 
Archaeophylua, 618 
Archaeopitheeua, 618 
Archaeopaittacua, 607 
Archaeoptnopua, 613 
Archaoopterygiformes, 602 
Archaeopteryx, 261, 2G2, 263, 
539, 602 

Archaeomia, 261, 262, 539, 602, 
209, 210 

Archaeornithes, 261-63, 602 
Archaeoaemionotug, 680 
ArcAaeostren, 617 
Arehaeoguehua, 601 
Arehaeoteutkia, 587 
Arehaaotherium, 448, 620, SS7, 
8S8 

Arehaeotriton, 592 
Archaeotrigon, 610 
Arehaeotrogon, 608 
Archaeua, 586 
Arehegonaapie, 674 
Archegoaaurua, 526, 590 
ArcAelon. 182, 641, 594, 139,141 
Archeoquerquedula, 604 
Archeria, 526, 691, 94 
Areheutatug, 6S3 
Arehidiakodion, 617 
Archipterygium, 41 
Arehiaonttrua, 611 
Archosauria, 210-56, 597-600 
Aretaeanthvg, 876 
Aretanphieyon, 616 
Ardagpia, 674 
Aretoce^alua, 616 
Areiocyont 364,814 
Arotooyomae, 364-66,559,614 
Aretocifonidea, 614 
Arctwbta, 379, 

Arctagnailun^, 601 
AreUinathut, 601 



INDEX 


Arctoides, 370, 373-79, 616 
ArctoUpida, 574 
ArctoUm, 49. 519. 574, SI 
Aretomy$, 500. 625 
Arctonyx, 615 
Arctopa, 601 
ArctorycUi, 612 
Arctoaomua, 580 
Arcloatylopa, 393. 618, 50/ 
Arctoaitchut, 602 
Arctotherium, 616. S75 
Ardea, 604 
Ardeacites, 604 
Ardcae, 604 
Ardeidae, 269, 604 
Ardeola, 604 
Ardeomunu, 596 
Ardiodus, 586 
Ardynia, 619 
^Ardynictis, 614 
Ardynomya, 625 
Arenana, 606 
Areocyon, 616 
Argenlina, 582 

Argentina, Pliocene of, 552, 566 
ArgtUochelya, 594 
A rgiUornia, 603 
Argyrocetua, 624 
Argyrodyptea, 603 
Argyrohipinu, 618 
Argyrolambda, 617 
Argyropelecus, 583 
Argyroaaurua, 599 
Ariidae, 683 
Arikareean, 552 
A riaioauchua, 599 
Arkanaerpeton, 591 
ArmadilloB, 478-79 
Armagh, 516, 521 
Arniniheringia, 611 
Armored dinosaurs, 252- 54 
Arnognathua, 602 
Arndditea, 587 
Arno Valley, 552, 560 
Arretoaaurua, 596 
Arreiotheriumt 620 
Arrhinoeeratopa, 600 
Arainoithmwn, 405, 407, 561, 
616, S09, SIO 

Artbr^ira, 45-52, 515,519,520, 
523, 674-75, 632 
Arthrodytea, 603 
Artibeua, 613 
Articular, 83,134, 299 
Artiodactyla, 442-74, 554, 556, 
557-58, 560, 561, 563, 564, 
567, 620-22, 657-59 
Articanthia, 627 
Artieola, 627 
Aaapheatera, 692 
Aaettia, 613 
Asia 

Paleoaoic,516.517.518,525 
Mesosoic, 532, 533, 540 
Cenosoic, 547, 550, 552-53, 
554,555,558, 559, 561, 562. 
566 

Aaiatoaaurua, 599 
Aaiatoauchua, 598 


Aaineopa, 685 
Aainua, 619 
A«to, 607 

AamitAivoodtoardia, 617 
Aanodeua, 618 
Aapharion, 591 
Aapideretaa, 594 
Aapidiehtkya, 675 
Aapidoecdyptua, 623 
Asptdon«e<M, W 
Aspidorhynchoidea, 680 
Aapidorhynehua, 99,537,580, 78 
Aapidoaattnn, 690 
Atpiua. 683 
AtUgomriim, 623 
Aataracanthua^ 576 
Ajdo'gdtmua, 677 
Asisrodott, 580 
AaUrdtpia, 53,510,575 
A^armya^m 
Aatmsdychatia, 578 
AttaroriamM, 828 


Aateroateua, 575 
Aathmocormua, 581 
Aathanognathua, 601 
Astian, 552 
Astragalus, 168, 307 
Aatraponotua, 616 
Astrapotberia, 409-401, 554, 
558, 562, 565, 566, 616, 656 
Aairapothericvdua, 616 
Aatrapotherium, 400, 401, 565, 
616, m,S04 
Aatraapia, 573 
Aatrodon, 699 
Aaturaetua, 605 
Aayndeamua, 608 
Atalonodon, 619 
Atdeaapia, 573 
Atelea, 348 
Atelodua, 619 
Atherina, 589 
Atheratonia, 580 
Athrodon, 580 
Atilax, 615 
Atlantochdya, 593 
Atlas, 305 
Atopocephala, 579 
Atopoaaurua, 221, 597 
Aiopoiera, 591 
Attblyaodon, 699 
Auchenaapia, 573 
Avxhenia, 459, 621 
Auditory oasiclca, 299 
Auk, 271 

Atdaeocephalodon, 601 
Avlacocephalua, 601 
Atdacochelya, 594 
A ulocdxia, 624 
A ulucetua, 624 
Atdodua, 577 
Auldepia, 582 
AvlophyaeUr, 492, 624, 365 
Aulopidae, 584 
Aulorhamphiia, 584, 587 
Atilorhynchua, 584 
Ardoaima, 585 
Australia 

Paleozoic, 516, 517, 518, 525 

Mesozoic, 526,532, 533, 540 

Pleistocene, 547, 572 
AuatralocoiTax, 603 
Auairalopithecua, 353, 354, 614, 
$70 

Auatraloaomua, 580 
Auatricopitfuciu, 614 
Auatrolagomya, 627 
Auatropdor, 590 
Auatroaaurua, 599 
Autostylic, 39 
Autuoian, 516 
Auversian, 553 
Auxia, 686 
Avahia, 613 

Aves, 257-72, 539, 543-44, 649, 
602-10, 645 
Ataesda, 605 
Anpea, 688 
Axdia, 589 
Axtatemmua, 594 
Axis. 3a5 
Axia, 621 
Aye-aye, 344 
Azaloia, 582 

B 

Baboons, 350 
Bachithmum, 560, 621 
Baetroaaurua, 600 
Badgers, 376 
Badioataa, 606 
Badiatomia, 606 
Baina, 593 
Bagariua, 583 
Bagrua, 683 
Banariaaaurua, 699 
BaAarijodon, 598 
Bahia, 533,540 
Baintd, 601 
Baioconodon, 814 
Baiomya, 627 
Bajodan. 583 


Balaena, 493, 624 
Balaanodon, 624 
Balaeonotua, 624 
Balaanula, 624 
Baldwinonua, 600 
Bdeiichthya, 581 
Bdenoptera, 493, 624 
Bdiatea, 112, 588 
Balistoidea, 587 
Baltic region, Devonian of, 517, 

518 

Baluchistan, 552, 502 
Bduchitherium, 439, 561, 564, 

619, S23, 528 
Bandicoots, 321 
Banjo fish, 69 
Bantuchelya, 593 
Baphatea, 590, !)9 
liaptanodon, 594 
Baptemya, 593 
Bapiornia, 602 
Baptoaaurua, 596 
Baranomya, 627 
liarbaatella, 613 
Barbourmeryx, 621 
Barbua, 583 
Barornia, 606 
Baroaaurua, 599 
Barracudas, 113 
Barstuvian, 552 
Bartunian, 553 
Barylambda, 389, 551, 616 
Bar^berioidca, 617 
Barytherium, 411, 558, 617 
Basal articulation, 83 
Baaikmyat 593 

Baailoaaurua, 488, 489, 558, 624, 

SG6 

BasioecipitaJ, 83, 133, 296 
Basisphenoid, 8.3,134, 296 
Bass, 111 
Baaaariaeopa, 616 
Basaartacua, 616 
Baautodon, 599 
Batacanthua, 578 
Batbonian, 5.33 
Baihornia, 606 
Bathyergidac, 625 
Batbyergoidea, 501, 560, 625 
Bathyergoidea, 625 
Bathyergua, 501 
Bathygenua, 621 
Bathygnathua, 600 
Bathylagua, 582 
Bathyleptodon, 622 
Bathyopaia, 616 
Bathyopaoidea, 616 
Bathyaoma, 567 

Batoidea, 69-70, 537, 540, 548, 

577-78 

Batrackiderpeton, 591 
Batraoboidea, 113, 588 
Batrackoidaa, 588 
Batrachoaauroidea, 592 
Batrachoauchru, 590 
Bats. 332-34 

Baurta, 288, 289, 535, 602, 8S5 

Bauriidae, 535, ^2 

Bawioidsa, 602 

Bauroidea, 602 

Bayloria, 600 

Bddlodua, 576 

Bdelloat(ma.23 

Baaconia, 5/9 

Bear dogs, 377 

Bwrs, 37S^79 

Beartooth Butte, 517, 518 

Baatragua, 622 

Beaufort, 616, 525.528 

Beaver, 500 

Batacanthua 574 

BeUmnacanthaat 575 

Bdemnobatia, S77 

BdmnmiMua, 624 

Bdaaodon, 602 

Bdiehthya^m 

Belly River. 583, 540 

Balodon,m 

Bdonc, 108, 584 

Bdonoehaa^, ,698 

BatoMrhynehmt 68Q> 74 


Bdonoatomua, 99, 580 
Beloaphya, 624 
Bdoateua, 575 
Beltion, 584 
Banedenichthya, 579 
Benadeniua, 579 
Bennaviaapia, 573 ,18 
Benaonomya, 627 
Benthaaikyme, 584, 86 
Benthoawhua, 590 
Berardiopaia, 624 
Baremandia, 612 
Bemiaaartia, 598 
Berthaioyleria, 623 
Berycoidea, 110, 585 
Beryoopaia, 585 
Baryx, 585 
Beaania, 580 

Beaaoecetor, 331, 612, $59, $60 

Betaauchua, 599 

Hettongia, 611 

Bibliography, 628-29 

Bibliographies, 629 

Biboa, 622 

Bidentia, 677 

Bidentdua, 577 

Bienotherium, 291, 602, $36 

Bighorn, 553, 555 

Birds, aec Aves 

Birgeria, 679 

Birkenia, 29, 51.5, 573 ,19 

Biaon, 472, 474, 570, 622, 356 

Biixa, 597 

Biziura, 604 

Blacicua, 608 

Blanco, .552, 566 

Blarina, 612 

Blarinella, 612 

Blarinomya, 627 

Blaatomeryx, 564, 621 

Blennioidca. Ill, 687 

Blenniua, 587 

BUcca, 583 

Blochiidae, 584 

Boarfish, 110 

Boarua, 596 

Bobaaatrania, 94, 580 

Bohemia, 516, 522, 525 

Bohlinalla, 621 

Bohlinia, 621 

Boidae, 596 

Bolbocara, 687 

Bolbodon, 592 

Bdodon, 610 

Boloaaurua, 592 

Bombina, 591 

Bombinator, 591 

Bombycilla, 609 

Bonaaa, 605 

Bone, 9-10, 83-34, 60-62, 76 
Bodchoerua, 620 
Bodpaia, 622 
Boothariwn, 622 
Borborophagua, 590 
Boreaapia, 573 ,18 
Boremya, 593 
Boraocantrarehua, 686 
Boraolapia, 579 
Boraoaomua, 580 
Boreoatracon, 623 
Borhyama, 319, 611, $54 
Borhyaenidae, 319-20, 558,561, 
567,569, 611 
Borocyon, 615 
Borotnya, 626 
Borophagua, 377,616 
Boa, 474,622 
Boadapkua, 622 
Botauritaa, 604 
Boiauroidea, 604 
Botauma, 804 
Boihretnya, 593 
Bdhrieapa, 591 

Boihno^, 451. 560. 620, 338, 


340,34$ 

Bothriogenya, 820 
BothrUdeina, .53. 54. 519, 575, 38 
BothHmya, 827 
Boihrioapondylva, 599 


Bothropta,S6i 
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Battnaunu, 9M 
Bowtmryx, 621 
B§Hrinfehiu, 698 
BoTidM, 471-74. 564. 567, 570, 
622.650 

BoroidaB. 465.467.470-74, 622 
Bat, 586 
BraehaU$tu, 611 
Braehttwhmitu, 166, 585 
Brackkhikyt, 581 
Braekiimurut, 244, 538, 690 
BraehipUratpii, 574 
Braehyemttop*, 600 
Braehtfehatnpaa, 588 
Broehycryt, 621 
Braehydaima, 579 
Braohydeira, 695 
Braehydiaitematherium, 619 
Braehydirut, 575 
Bnehytrix, 612 
Bnckimathomihut, 598 
Brwhyhyopa, 620 
BrachyMiat, 584 
Brackymeryt, 621 
Braehymylut, 578 
Broehynann, 616 
Braekyodut, 620 
Braehyopidae, 534.690-91 
Braehyop$, 155, 691 
Braekyo$teut, 675 
Braehyottraeon, 623 
Brachypareia, 592 
BrachyphyUa, 613 
Braehypodoaaurut, 600 
Braehypotherium, 619 
BrochyproUma, 615 
Braehyptaltt, 615 
Brachypterygiua, 594 
Braehyranoekamp$a, 598 
Bntchyrhinodon, 595 
Braehyrhuodua, 678 
Brachyrkynekoeyon, 615 
Braekytoitetea, 626 
Brael^taunu, 596 
Brackywckxu, 597 
BraekyUU$, 614 
Brackytlurivm, 618 
Brachythor^ 675 
Braekyuraniacus, 601 
Bradyaeantktu, 674 
Bradyodonti, 72-74, 520, 523, 
526, 578, 633-34 
Bradymwua, 174,592, 1S6 
Bradyiuekua, 592 
Brain, 14-15, 138, 292^3 
Brainoase 

in amphibians, 133-34 
in bony fishas, 78, 82-83 
in Oossoptery^i, 119 
in fishes, 13 
in mammals, 206-97 
in reptiles, 167 
Bramapitkam, 614 
Bramaikmtm, 621 
Bramidae. 686 
Bramua, 627 
Braneamwtu, 588 
Brimeoikmivan, 610 
Rr^nwhiiJ arohes 
in amphibians, 134 
in fishes, 12-13, 83 
Branekiomtravui, 680 
Branohiosaurs, 153 
Branchioaawnu, 153, 690, 116, 
117 

Branchiostegal rays, 82 
Brandmayria, 618 
Brannerim, 581 
lhttato,804 

BratU^urut, 697,509 
Anotsnlia, 618 
Brad! 

IMaaof,516.525,528 

l)laaBleor,532,533 

AraaiiMesrM. 5(^ 



Bristol 

Carboniferous of, 616, 521 

Triassio of. 532, 533 
BHtkojna, 601 
Broduckelyt, 593 
BroUia, 593 
Brontiektkyt, 575 
Brontopt, 431, 619, SSO 
Broniomia, 606 

Brontoaaurua, 240, 244, 538, 699 

Brontothmum, 431,618 

BrookttUia, 570 

Brometta, 580 

Broomia, 694 

Broomiaaurua, 601 

Broomiauehiu, 601 

Broamiua, 587 

Brotogerya, 607 

Brotomya, 628 

Brotvla, 587 

Broughia, 580 

Brouwaria, 581 

BrownieUa, &i7 

BruI4, 553, 559 

Bryantaapia, 574 

Bryekaetua, 582 

Bvbalia, 622 

BiAalua, 622 

Bubo, 607 

Bueapra, 622 

Bucco, 608 

Buearotea, 608 

Bucerotidae, 608 

Bueklandtwn, 583 

Budorcaa, 622 

Buettneria, 155, 534, 590, 118 
Bufaaus, 591 
BuffaloeB, 474 
Bufo, 591 
Bugti, 552, 562 
Bugtiihertum, 620 
Bvdarehua, 622 
BvUneepa, 589 
Bulbocanthua, 578 
Bulla, auditory, 297 
BvMo^urua, 615 
Bunobraekyodua, 620 
Bunodont, 302 
Bmokyrax. 616 
* ■ 'n.617 


Caanothmum, 454,560.564,620, 
8S7, S4S, S44 
Caaut, 581 
Caiman, 598 
Caitnanoidaa, 698 
Cttimanoauchua, 598 
Caithness, 517 
Calamagrat, 597 
CoZamodon, 335, 813 
Calamoichthya, 92 
CttlamoT^eurua, 581 
Cedamoponia, 681 
CaUmoapondylua, 599 
Calamoatona, 685 
Caloanetim, 307 
Cdtfornia, Triassic of, 532, 533 
Califomoaaurua, 694 
Calippua, 428, 619 
CaUicebua, 614 
CaUiehtkyidae, 583 
Ccdligenatheon, 591 
CaUionyrnua, 587 
CaUipteryx, 687 
CaUithrir, 614 
CdUodonUmya, 626 
CaUognathua, 575 
Callomenua, 611 
Callophoca, 616 
Callopriatodua, 678 
CMopterua, 581 
Callorhynchua, 578 
CaUornia, 606 
Callovian, 533 
Callyodon, 586 
CaU^ntothgrium, 618 
Calopa, 621 
Caluromya, 611 
Calvert Cliffs, 652, 565 
Camaraaaurua, 240, 244, 538, 
599, 187, 190, 195, 196 
Cambayella, 622 
Cambrian, 513-14 
Cainelidae, 458-60, 558, 561, 
564, 567, 570, 571, 572, 
620-21, 658-59 
Camelodon, 620 
Camelomeryx, 621 
Camalopardalia, 622 
Camelopa, 460, 621, SS8, S46 
Camalua, 459, 621 


Bunomeryx, 620 
Bmophorua, 620 
Bwwpitkeew, 614 
Bunter, 531, 533, 534 
Burdigdian, 552 
Burhinidae, 607 
Burlin^on, 516, 521 
Bvmttia, 601 
Burramya, 611 
Burtinopaia, 624 
Bustard, 269 
Buteo, 605 
Butoridaa, 604 
Butterfly fishes, 112 
Bussard, 269 
Bymackdya, 693 
Byaaaeanihoidea, 676 
Byaaaeanthua, 676 
Byatra, 593 
Bifthiacantkua, 578 


ohoZus. 606 
oesps, 152, 890, IIS 
odureosaurtts, 696 
adureothmwn, 560, 619 
aenlvnatiiiformeB, 602 
aendynatkua, 204,602 
.4S»olsstes.822, 823 
laenolestidae, 611 
laenolsstoidea. 321-22, 611 
fasRsZopAtti, 619 


amopkim,6i8 
tmopUkacua, 813 

amioUMruda^ 464M», 557. 
866,«90, 


Cainpbellton, 517, 518 
Campodua, 676 
Camptaapia, 574 
Camptoaaurua, 246, 247, 248, 
250, 538, 800 ,198 
Campylodon, 699 
Campylodua, 674 
Camj^gnathua, 698 
Canals in mammalian skull, 298 
Cane rat, 502 
Canimartea, 615 
Canines, 281, 300 
Canidae, 375-77, 560, 563, 567, 
571, 616-16, 654 
Corns, 5, 376, 572, 616, tS9 
Canningiua, 588 
Canobiua, 90, 679 ,67 
Canthama, 685 
CantioaeyUium, 577 
Cape jumping hare, 501 
Capdia, 606 
Copefus, 690 
Capito, 607 

Capiioaaurua, 155, 690 ,114 
Capra, 473, 622 
Capradua, 469, 621 
CaiRimu^.608 
CiqNimuldiormes. 271,608 
CoprtmtiZ^, 608 
Caprobaryx, 686 
Caprolagua, 627 
Capromaryx, 622 
Caproa, 110, 588 
Capkmya, 626 

Captoridnomorpha, 173. 527, 
OlK! 

Captorhinua, 164. 165, 166, 167. 

173,527.80^/29 
Capybara, 503 
Caimgodaa. 885 
CarucSSsa, 111,886 


Carangopaia, 686 
Caranx, 686 
Carapace, 176 
Coroiitus, 583 
Carboniferous, 516,521-24 
Car5oMZes, 91, 679, 70 
Carekariaa, 68, 640, 576 
Carekarintu, 68, 677 
Carekariolamna, 676 
Carekariopaia, 576 
Carekarown, 540,576, 49 
Careharodontoaaurua, 5M 
Carckaroidea, 576 
Careinodon, 614 
Cardioeaphalua, 892 
Cardiodon, 626 
Cardualia, 610 
Cardiatkarium, 626 
Cardtomya, 6^ 

Cardipaliia, 674 

Caretta, 594 • 

Varettochdya, 694 
Cariama, 260 
Cariamae, 606 
Caribou, 469 
Carinaeanthua, 576 
Caristiidae, 685 
Carleata. 696, 626 
Carnassial teeth, 362 
Carnian, 533 

Carnivora. 362-80, 550-51, 654 
555, 560, 563, 567, 614-16, 
653-54 

Carnosauria, 231, 236-39, 699 
Carodnia, 816 
Carollia, 613 
Carodoameghinia, 611 
Caroloaittelia, 616 
Caroaaurtu, 596 
Carpals, 136. 306 
Carpodacua, 610 
Carpodaptea, 813 
Carpdaatea, 342, 613 
Carpus, 136, 168, 306 
Carriondlua, 584 
Caraioptychiua, 617 
Corterodon, 626 
Cartilage, 8,9,10, 60-62 
Caruiehthya, 680 
Casa Mayor, 553, 555, 558 
Caaaa, 275, 276, 527, 800, tl8 
Caamarodiua, 604 
Caapialoaa, 682 
Caaaandra, 584 
Caadeua, 610 
Cosstdtz, 610 
Cassowary, 265 
CaateUanoiaia, 623 
Caalor, 500, 626 

Castoridae, 500, 559, 563, 669, 
572, 625 

Caatoroidaa, 500, 625, S76 
Caatraaia, 694 
Casuariiformes, 265, 603 
Caamriua, 603 
Catagmua, 620 
CotopZevra, 893 
Catarrhini, 348-61,614 
Catfishee, 107 
Cathartae. 269, 604-6 
Cedhartaa, 606 
Cathartomia, 605 
Catodiontl^um, 620 
Catonyx, 623 
Caiopaalia, 610 
Cotoptsrus, 634,680, 71 
Catodmitaa, w3 
Ccdoaimua, 688 
Cats, 371-73 
saber-to^ed, 871-73 
Catddll, 517,518 
Cattk, 474 

Catnridae, 99-100,681 

Oavalltf, 111 

BGndstoiMi, 883,633 

^i«d^5G8.«26 
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Cayugan, S17 
Cear4r^,640 
Cebidae. 347-48. 614 
CAochowvM, 447, 620 
CAw, 347, 614 
Ceeiludmur, 618 
CeeilionyeUru, 613 
Cenomanian, 533 
Cenoaoio, 546-72 
CsnMtMf 328, 611 
Cmtetodon, 612 
Centedoidea, 611 
Centra of vertebrae 
in amphibians, 129-30 
in fishes, 10-11 
Centralia, 136,137, 306 
Centrarohidae, 111, 584 
Cmtrarchitet, 585 
CentriM, 677 
Centri$etu, 584 
Ceniroeereut, 605 
Cmtrolepit, 680 
Csntrop^us, 677 
Centropomua, 585 
Centroprittis, 677 
Centromw, 604 
Centrum, 129, 130,167jl70 
Cephalaspidomorphi, 5^ 
C»phalatpi$, 25, 26, 29, 30, 31. 

53, 518, 673, 18 
Cephalochorda. 18-19 
CephatogaU, 618 
Cephalomya, 626 
Cepkalonia, 695 
Cej^ialojAua, 622 
Cephalotropia, 624 
Cephaloxemun, 880 
Cepola, 886 
Cepphtu, 807 
Ceramurua, 581 
Ceraapit, 675 
Carataelurua, 601 
Ceratocephalua, 601 
Ceratodua. 125, 532, 589 
Cvatogavlua, 499, 626 
CeraMapia, 575 
Caratomaryx, 622 
Caratophrya, 591 
Caratopa, 600 

Ceratopsia, 245. 254-56, 542, 

600,645 

Caratorkinua, 619 
CaraUmurua, 236,237, 238, 538, 

699 

Caratoauehua, 698 
Caratotharium, 440, 620 
Cereoeabua, 614 
Caremya, 626 

Cereopfthecidae, 350-51,614 
Careopithaeime, 350 
Careopithaeua, 350, 614 
Cardodon, 602 
Cardognathua, 601 
Cardorkinua, 601 
Cerdoauchoidaa, 602 
Cardoauehua, 602 
Caraaioaawrua, 196, 094, 160 
Gernay, 550, 553 
Camietia, 6U 
CarorhincQ, 607 
Carthia, 600 
Caraaleaa, 469,621 
CsrtanlM,621 
Caraaaua, 621 
CanUtapn, 622 

(£^^468-60,564, 667,668, 

669,570J71, 572, 621, 659 
Csrsoesrus, 821 
CeiToidea, 465-70,621 
CsmdM. 469,621 

cSS«^w.m 


Cetotheriidae, 493, 562, 565, 
568, 624 

Catotluriomorphua, 624 
CatotherioplMnaa, 624 
Catothariopia, 624 
Catothmum, 624 ,866 
Chadron, 553. 559 
Chaanobryttua, 585 
Chaanohyua, 620 
Chaaroaaurua, 602 
Chaatodon, 112, 687 
Chaetodontoidca, 112, 587 
Chaetomya, 626 
Chaatophraetua, 623 
Chaatura, 608 
Chaleidichthva, 585 
Chakoaaurua, 590 
Chal^tharium, 602 
Chalieomya, 625 

Chalicotheriidae, 432-34, 556, 
557,560,564,567, 569,571, 
572, 619, 657 
Chalicothertutn, 434, 619 
Chalk, 533, 540 
Chalpdmatkerium, 618 
Chamaea, 609 
Chamaeleontidae, 596 
Chamaeza, 608 
Chamoepalia, 607 
Chamopa, 595 
Champaoddphia, 624 
Champaoaaurua, 201, 542, 549, 
596 ,165 
Chanoidea, 581 
Chanoa. 582 
Chapadmalal, 552, 568 
ChaTaeUepia, 583 
Characimdae, 583 
Characins, 107 
Cliaradrii, 606-7 
Charadriidae, 271, 606 
Charadriiformes, 271, 606-7 
Charadriua, 606 
Charitemya, 593 
Chasicoan, 552 
Chaaicotharium, 618 
Chaamaporihetea, 615 
Chaamiataa, 683 
Chaamatoaaurua, 210, 597 ,177 
Ckaamatoauekva, 697 
ChaamoaauTua, 600 
Chaamotharoidaa, 619 
Chaamotharium, 619 
Chattian, 553 
Chavlelaatnua, 604 
Chaidiodua, 582 
Chautauquan, 517 
Chairacanthua, 574 
Ckairaeanthoidaa, 574 
Chairodopaia, 570 
Chairodva, 579 ,68 
Chairogalaua, 613 
Chairogaatar, 593 
ChairoUpia, 90, 519, 879, 61, 68, 
67 

Ckmrolhrix, 584 
Chala.m 
CA^^.609 
Chaltnan, 687 
Chalodina, 593 
Chdana, 182, 694 
Chelottia, 176-84, 628,535, 538, 
541, 549, 992-04, 639 
structure of, 176-80 
marine, 182-83 
CAsbma,182,894 
Ckalanidea, 993 
CAsfonoesjMofvs, 621 
Ch^triton, 992 
Chdydt^da, 6M 
ChAydoaawau, MO 
CMvdra,tBi 
Chalyopwrua, 975 
CMyopoaaurua, 6M 
CMyopaavahua, Bm 
CMyrhmehua, 601 
Chdya^ 

ChdvtharimjJflM 

cm»6n,m 

517,918 


Chanalopax, 604 
Chandytaa, 604 
Chanaoaaurua, 600 
Ckanopia, 604 
Ckanoproaoptu, 526, 590 
Chanomia, 604 
Chevrotains, 461-62, 464-65 
ChieoUpia, 581 
Chienkoaaurua, 599 
ChUomyctarua, 688 
Chilonyetaria, 613 
Chiionyx, 592 
ChUoacyllium, 576 
Chilotharium, 619 
Chimaara, 578 

Chimaerae, 72, 532, 537, 548, 
578 

Chimaeropaia, 578 
Chimpanzee, 353 
China 

Cretaceous of, 533, 540 

Pliocene of, 552, 666 
Chinchilla, 503 
Chinchillidae, 503, 626 
Chiniquodon, 602 
Chinle, 532, 533 
Chipmunk, 500 
Chirodiptarua, 589 
Chirocentritea, 581 
Chiroeentrua, 582 
Chirodarma, 613 
Chvromyoidaa, 613 
Chiromya, 344, 613 
Chiromyatua, 581 
Chirmectea, 611 

Chiroptera, 332 -34, 556, 612-13, 
651 

Chiroatenotea, 599 
Chiatemon, 593 
Chitonodua, 578 
Chitra, 594 
Chitracaphdua, 593 
Vhiwataaaurua, 601 
Chlamydophorua, 623 
Chlamydoaaurua, 596 
Chlamydoadache, 66, 67, 576, 46 
Chlamydolherium, 623 
Chlamyphractua, 623 
Chleuaatochoarua, 620, 886, 888 
Chlidoniaa, 607 
CMoria, 610 
Chlorotalpa, 612 

Choanae, 115-16, 118, 133; aea 
alao Nares 

Choanichthyes, 114-20, 589- 
90, 635- 36 
Choaroclaenua, 617 
Choarodon, 620 
Ckaaromeryx, 620 
Choaromonta, 620 
Choaropotamua, 447-48, 620 
Choaropaia, 620 
ChoaroVierium, 620 
Cfumatokadmon, 595 
CWdrichthycs, 60-74, 520, 
521, 523, 532, 575-78 
ChondraneMya, 74,578, 59 
Chondroatai, 89^96,579-80 
Chondroataua, 93,537, 579 ,71 
ChonaaijAiua, 490, 624 
Chordates, primitive, 18-20 
Choristodera, 695 
Choaomia, 605 
Chriaeua, 614 
Chromia, 588 
Chrotiehtkya, 580 
Chrotoptarua, 013 
Chryaamya, 593 
CSuysoohloridae, 612 
CkryaacUena, 328 
Chryaocyan, 616 
Chryacdijdm, 609 
Chryaopkryat 965 
Chryaoptilua,W 
Chuginiterv 832,533 
€kmaaMy»f 618 
Ciehiaaam, 866 
Ci<diUdae,986 
eicom4,604 
Oibon|ac,604_ _ 

Ohmiiiidae, 269,606 


Cisomiformes, 269,604 
Cimokataa, 611 
Cimolichihya, 682 
Cinudioaaurua, 595 
Cimolomya, 315, 610 
Cimoloptaryx, 602 
Cinelua, 609 
Cingulum, 301 
Cinuya, 598 
Cireoaaunu, 697 
Cireothariun, 619 
Circulatory system, 16,138 
Circua, 605 
Cirin, 533, 537 
Ciatieaphahu, 525, 601 
Ciatudo, 593 
CitMw, 625 
Citharichihya, 988 
Civet, 370 
Cladaeanthua, 578 
Cladoeydua, 681 
Cladodmphya, 611 
Cladodua, 62.64. 65, 71. 73.520, 
575, 84, 44 
Cladolepia, 575 
Cladornia, 603 

Cladoadaeha, 62, 63, 64, 71. 520. 

528,675,84.46,48 
Cladoeelachii, 62-64, 520, 523, 
526, 575-76 
Cladoaietia, 611 
Cladyodon, 699 
Claenodan, 364, 614 
Clangvla, 604 
Claoaaurua, 600 
Claraaia, 607 
Claratia, 595 
Clarendon, 552, 566 
Clariaa, 583 
Clarkforkian, 553 
Claamodoaaurua, 599 
Classification, 6^7, 573-627 
Claatea, 680 
Clavicle, 82, 135, 304 
Clear Fork group, 516, 524 
Cleithrionomya, 627 
Cleithrum, 82,135,168 
Claithrolapia, 04, 534, 680 .78 
Clammydopaia, 593 
Clemmya, 593 
Clepayaawua, 597 
Clapaydropa, 600 
Clevdan^Wes, 517, 518,520 
Clevoaaurua, 595 
Clidaataa, 541,608,147,169 
Clidomya, 626 
Climaeocarua, 621 
Climates in geologic paat, 510-11 
Climativta, 44, 519, 574 ,85 
Climaxodua, 578 
Qiugfishes, 113 
Clinoptamodua, 611 
Clinua, 687 
Cliorkitodon, 601 
Clupea, 105,582 
Clupemdca, 105, 581-82 
Crmaidophonu, 596 
Cnsmtornts, 604 
Coal Measures, 622 
Cdniia, 583 
Cobitopaia, 584 
Cobua, 622 
Coeeoeeidudva, 579 
Coeeodarma, 689 
Coceodtu, 590 
Coccdapia, 679 
Coeeontaeua, 679 
Coeeoataua, 46, 49. 619. 575, 88, 
89 

Coecothnmtaa, 610 
Coeeyiinw, 524,592 
Coeoystts.907 
CoekiUua, 618 
Coehlaoaawua, 690 
Cochtiadua, 73,678 
CoMopa,^ 

Cockardiitaa.m 
Codfish, 111-12 

Coelaoantiiiiu, 120-22,519,523, 
526.532,587.641.548,588 
Codaeanthiopaia, 589 
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Co$laeanthut. 121, 589 
Cododonta, 440,620 
Cododu*, 99.680 
Codogmyt, 503, 628 
Coelolepida, 34.515,518, 574 
CoelohpU, 34, 574 
CodojAym, 598 
Codorhynchtu, 684 
Codomtchut, 598 
Coduroides, 599 
Codurotauranu, 594 
Codurosauria, 231, 234-36, 536, 
538.542,598-99 
Coduru$, 599 
Codutaetfu, 623 
Coendu, 626 
Coenoeorypha, 606 
Coephloeua, 608 
Coert^, 609 
Coipu, 503 
Cvlaptet, 608 
Colhu4 Huapi, 553, 550 
Coliiformes, 271, 608 
Cdinui, 605 
Cdtocalia, 608 
CoModuB, 94. 580 
Cohdon, 619 
ColoMM, 609 
Cohkierax, 606 
Cohnoeeraa, 619 
Colophonodon, 624 
Cohtaochdyi, 182, 593 
Cohdeus, 145, 590 ,106 
Cdpodon, 618 
Cdpophdit, 583 
Colpostmma, 626 
Coluber, 597 
CduMdae, 209,597 
Cohmba, 607 
Columbae, 607 
Columbiformes, 271, 607 
ColumhigaUina, 607 
Columbus limestone. 517, 518 
ColymUfonnes. 268, 603 
Cdymboidet, 6(0 
Colymboeaunu, 595 
Cdymbue, 268, 603 
ComapAorua, 623 
Commentrya, 579 
Como Bluff, 539 
Compeemys, 693 

CompiopnafAtM. 231, 234, 538, 


Compaoeuchua, 699 
Compsothlmdae, 609 
Conaeodon, 617 
Conehoehdya, 594 
Conehodua, 688 
Conehopoma, 126,589 
Condor. 266 

Condylarthra, 38(h89, 551, 554, 
555, 557, 558. 559, 617, 656 
Condyle, oooipital, 133, 167, 
260,293,296 
Conepaiua, 616 
C<moer,m 
CongemuraenajJSi 
Congoaaurua, 597 
Coniaaaurua, 696 
Conicodontoaaurua, 596 
Coniee, 405-7 
ConiofAia, 597, 146 
Conioptemium, 618 
Connoehaatea, 622 
Conodeetea, 691 
Conodonietia, 611 
Conodonte, 24 
Conohyua, 620 
Condapia, 674,575 
Conorpeleffa, 613 
Cmoryeiea, 335, 551, 613 
Coslaiiental oonneotions, 511-13 
Cemuropaia, 607 
Comirui, 807 
Ceono, 611 
Capanamtdhua, 676 

CagMmm 

Capadua,Sn 

Cmekta^mB 

Conu^606 


Coraciiformea, 272, 6(M 
Coracoids, 135,167, 170, 305 
Coraeopaia, 607 
Coragypa, 605 
Corax, 68 , 576, 49 
CordiUerion, 817 
Cordylodon, 612 
Coregonua, 582 
Coreaodon, 618 
Coriphagua, 612, 617 
Cormorant, 268 
Cornuboniaeua, 579 
CoTTiviaUitu, 817 
Coronodua, 576 
Corouoids, 82. 118,134. 167 
Coroaaurua, 595 

Correlation of fossil deposits, 
508-10 

Corvaapia, 574 
Corvua, 609 
Corydoraa, 583 
Corynorhinua, 613 
Coryphodon, 390, 551. 555, 616, 
t9S, 296 

Coryphtmya, 627 
Corythoaaurua, 251, 600 
Coacinocereua, 6^ 

Coamaeanthua, 574,578 
Cosmine, 77, 78 
Coatnoehdya, 694 
Coamdepia, 579 
Coamopoma, 579 
Coamoplyehiua, 579 
Coaomya, 6ZT 
Coaoryx, 622 
Cotingidae, 608 
Cottopaia, 6916 
Cottua, 688 
Cotumiculua, 610 
Cotumix, 605 
Cotyhrhynchtu, 276, 600 
Cotylosauria, 172-75, 524, 527, 
535. 592. 639 
Com, 607 
Cowfish, 490 
Craoidae. 605 
Crantauehenia, 618 
Crane, 269 

Cranioceroa, 467-68, 621, S6S 
Craaeopa, 612 
Craapadochdya, 593 
Craapadodon, 600 
Craaaigyrinua, 591 
CraterogaU, 616 
Crateroaaurua, 600 
Cratoehalone, 594 
Cratogeomya, 625 
Cratoadacha, 675 
Creeeoidaa, 606 
Cramatoaaunu, 696 
Cranidana, 586 
Cranilabrua, 586 
CranUepia, 580 
Creodonta, 363-68,614, 653 
Craoaaurua, 699 
Cretaeeoiu, 533, 540-44 
Cratomia, 898 
Criedinva, BZf 
Crieatodon, 626 
Cricatopa, 626 ,372 
Cricatvlua, 627 
Crkatua, 627 
(7rfeo<t|S,526,691 
CriacapMua, 601 
Criarhyitehua, 596 
Cridharium, 622 
Criatidantinua, 619 
CWsfitomsr, 682 
Crociditra, 612 
Craeoditaamua, 997 
GrooodUia, 218-22. 536, 538, 
539. 541, 543, 549, 597<88^ 
642 

Craeoddua, 698,/8/ 
Croeod^dae, 222,598 
Craeuta, 371,615 
Cro-Magnon man, 360 
Crmmttedua, 686 
Creuarckua, 616 
Crouaduiya, 688 
Croaao9fiatkua,98Z 


Croaaopholia, 579 
Crossoptarygii, 116-22, 139-40, 
518,519,523.588.635-36 
Croaaoptilon, 605 
Croaaorhinopa, 676 
Croaaorhinua, 576 
Croaaotdoa, 591 ,95 
Crotalidae, 209, 697 
Crotalua, 597 
Crotophaga, 607 
Crotaphyiua, 595 
Cruaehedula, 603 
Cryjdiiolapia, 679 
CrypioHa, 812 
Cryptobranohidae, 592 
Cryptobrancholdea, 592 
Cryptoeleidua, 538, 595 .186 
Cryptoemodon, 601 
Cryptodira, 181-83, 538, 541 
542. 593-94 
Cryptodraeo, 600 
Cryptomeryx, 621 
CrypUmya, 625 
Cryptoproeta, 370, 615 
Cryptornia, 608 
Crypturua, 603 
Cryihioaaurua, 596 
Ctaleearodnia, 616 
Ctenaeanthua, 63, 64, 520, 523, 


576 

Cttmeodon, 316,610 
Cteruupia, 673 
Ctenerpaton, 691 
Cteniogenya, 596 
Ctenioaaurua, 601 
Ctanoehaatna, 227, 598 ,186 
Ctenodaotylidae, 626 
Ctenodantex, 586 
Ctenodua, 125. 589 
Ctendepia, 581 
Ctenomya, 503 
CtenopaUUodua, 578 
Ctmopharyngodon, 583 
CtenopUuron, 573 
Ctenopoma, 588 
Ctenoptyehiua, 578 
Ctenoaaurua, 600 
Ctanoapondylua, 600 
Ctenothriaaa, 105,582 
Cuculi, 607 
Cuckoo, 271 
Cuculiformee, 271, 607 
Cueulua, 607 
Cuisian, 553 
CuUinia, 618 
Cuneiform, 306, 307 
Cunieulua, 626 
Crum, 377, 616 
Cupidinimua, 625 
Cuacua, 611 
Cuvieroniua, 413, 617 
Cyamodua, 695 
Cyanoeaphalua, 609 
Cyanoeitta, 609 
Cyanoeorax, 609 

Cyathaapia, 31, 33, 515, 574, 22 
Cybium, 586 
Cydanorbia, 594 
Cyelarthrua, 577 
CydobatU, 577 
Cvelodsrma, 594 
Cydogmpnodon, 602 
Cyddapia, 992 
Cydmidua, 625 
Cydomya, 625 
Cydopidiua, 621 
Cifilojtoma, 989 
CpefopfariM, 588 
Cydojdyehiua, 579 
Cydostomata, 23-25,673 
Cydothona,982 
CpelotofourtML 600 
CyfMfuat 904 
Cygnopaia, 604 
Clvn^4«nit,9D4 
Cypnt(t,694 
CdinAiteanthua, 984 
dylindrodon, 029 
Cymttkoleiu,908 
Cymatosavrui, 594 
Cymbcapcndyliia, 904 


Cynaretoidaa, 616 
Cynaretua, 616 
CynartognaiAua, 602 
Cynarmdaa, 601 
Cynariopa, 601 
Cynidiognathua, 602 
Cyniaeodon, 601 
Cyniaeopa, 601 
Cynocaphalua, 614 
Cynoesrcus, 594 
Cynochampaa, 602 
Cynodeamua, 376, 616 ,282 
Cynodietia, 369, 375, 550, 615 
Cynodon, 616 

Cynodontia, 287, 535, 601-2 
Cynodontomya, 612 
Cynodontoauehua, 597 
Cynodraeo, 601 

Cynognathua, 27% 282, 284, 285, 
287. 312, 535, 602, 22S, 
228-30 

Cynogomphiua, 602 
Cynohyaanodon, 614 
Cynomya, 625 
Cynopodiua, 578 
Cynoaaurua, 601 
Cynoacion, 586 
Cynoauchoidea, 601 
Cynoauehua, 601 
Cyan, 616 
Cyor\aam, 616 
Cypelavua, 608 
Cypelua, 608 
Cyphdapia, 575 
Cyphomis, 603 
(/yprinidae, 107, 583 
Cyprinodon, 584 
Cyprinoidea, 583 
Cyprinua, 583 
Cyprua, 613 
Cyrnaonyx, 615 
Cyrtaeanthua, 578 
Cyrtaapia, 574 
Cyrtonyx, 605 
Cyrtoataua, 575 
Cyatoddphia, 624 
Cyalophora, 616 
Cyttoidea, 585 


Dalibanaa, 626 
Daeoaawrua, 597 
Dacrytherium, 620 
Dactylopogon, 584 
Dactyhaaurua, 595 
Daadalichthya, 679 
Daadicurua, 623 
Daaodon, 620 
Dalmatia, 533, 640 
Dalpiaaia, 577 
Dama, 460, 621 
Damdiaeiu, 622 
Damalopa, 622 
Damonta, 503 
Dandya, 581 
Danian, 533 

Dapadiua, 97, 90. 537, 580, 77 


Dapkoanodan, 377, 615, 223,284 
Daphoanua, 616, 224, 225, 245, 
277 

Darthtnuihia, 573 
Z>adtl5e.582 

Daaypneta,029 
Daayjproden, 623 
1)041^,623 
Doayitrodon, 614 
Dtumerva, 611 
Dotmnttoftta, 618 
Dauniahibya, 588 
DoimopAts, 997 
Dammia,980 
Daeaemua, 617 


DaeMHa,m 

DfletdmtoeUv299 



INDEX 


Dtgonia, 818 
Dnnodon, 238,244, 599 
Deinodut 876 
Drinotuehut, 698 
Deiroehelyt, 699 
Drirotteut. 576 
Delaware limestone, 517, 518 
Mphacioamihv*, 601 
Delphinaptenu, 624 
Delphinanu, 624 
DelpUni^e, 491, 624 
Deipkinodon, 624 
Ddphinognathw, 601, tSB 
DdphinopM, 624 
Ddpkinornit, 603 
Deljdiinoiaunu, 594 
DelphinuB, 624 
Delpkodon,m 

Ddtathmdium, 327, 329, 611, 
m, m, i60 
Deltatheridoidea, 611 
DdtatheroidM, 611 
Ddtatherium, 614 
Ddiodoptis, 678 
Ddtodua, 73, 578, 67 
Ddtoptychiua, 678 
Denaea, 676 
Dendracanthui, 574 
Dendragapua, 605 
Dendrtrpeton, 154, 524, 590 
Dendrocolaptidae, 608 
Dendroeopoa, 608 
Dmdrocoptea, 608 
Dendroeygna, 604 
Denrodua, 580 
Dendroeca, 609 
Dmdrortyx, 605 
Dendryatouaa, 590 
Dmdryaekoa, 590 
Dentary, 82, 118, 134, 298 
Dmtex, 685 
Denticles, 17 
Dentition 

of Crossopterygii, 118-19 
oflungfisn, 124 
of ttULmtn^lii , 299-303 
of therapsids, 281 
Daperetella, 619 
Ditprandua^ 584 
Dereetia, 108,884 
Dermal supraoocipital; tee Post- 
parietm 

Dennatemydidae, 181, 593 
Dermoehelya, 183, 694 
Dermodaetylua, 598 
Dennoptera, 332, 612 
Dvthiaa, 884 
Deeeado. 553, 559, 561 
DamanOt 612 
DamaUiyua, 620 
Deamatoehaenua, 617 
DumatoeMya, 593 
Damatodon, 562 
DamaUAofpu, 627 
DemiatoMoca, 616 
Daamaionchua, 216,697, IBO 
DatmaMharium, 6l9 
/)emia(o{tton,619 
Dammya, 693 
Daamioaua, 576 
Damodua, 613 
Desmoetylifcmnes, 617 
Daamoatytua, 419, 617, Si0 
Dautaroomodon, 614 
Dautaroaaunu, 601 
DauUroVuritm, 617 
Devonian, 515-21 
Daaononehfu, 674 
Daaomataua, 669 

Diaeodaaia, 446,447,620, S87 
Diaeadon, 830.6li 959.460 
DiadaeUa, 173, 174, 175. 527, 
8«L m, m 

Diadeotidae.524,527.8e2 
Dtodio to tdss, 692 

Diadmfut^ 401,566,m905. 
DUt&tpia^m 


Diadurodm, 601 
Dtainanto5i/iM, 620 
DiamanUmya, 625 
Diajdioraptaryx, 606 
Didphoroeattu, 624 
DiapJurodon, 611 
Diaphorognathua, 580 
Diaphoromya, 626 
Diaphyodva, 686 
Dwaparactua, 692 
DUpsid, 172, 200, 210 
Diastema. 300 
Diaatichua, 583 
Diatryma, 270-71, 606, SIS 
Diatrymiformes, 270-71, 606 
Dibalodan, 617 
Dieardia, 626 
Dkarleaia, 696 
Dieeut 627 
Dicdlopyge, 579 

Dieeratk^um, 438, 564, 619, 
Sil, Sg8, S£9 
Dieeratoaaurua, 591 
Dicerorhinua, 440, 619 
Diceroa, 4^, 619,54.1 
Dichabune, 446, 447, 560, 620, 
$37 

Dichodon, 620 
Diditodua, 678 
Dicodopharua, 628 
Dicolpomya, 626 
Dicoryphochoerua, 620 
DicotyUa, 450, 620, $35 
Dicraaoaaurua, 599 
Dieranozygoma, 601 
Dierenodua, 576 

Dicrocerua, 469, 564, 621, 337, 
36$ 

Dieroatonyx, 627 
Dictyaapia, 574 
Dictyocephalua, 590 
Dietyonoateua, 589 
DiciyojdaurichUiya, 679 
Dictyopyge, 534, 579 
Diotyopygidae, 94, 579 
Dicyrudon, 2M, 601, 434 
Dicynodontia, 285-86, 528, 534, 
535, 601 

Dievnodontoidea, 601 
Diddrdiia, 319, 611, 444, 443, 
$64, $66 
Diddphodon, 611 
Diddphodua, 611, $4$ 

Diddodua, 388, 401, 558, 617, 
$90 

Didoaaunu, 696 
Didua, 607 
Didytnaapia, 573, 18 
Didymictia, 369, 614,477 
Didymoeonua, 614 
Digits, 136-67, 307 
mhatarocnua, 6^ 

Diietodon, 601 
DiMtomya, 625 

Dilamraodonta, 329-31, 550, 
612 

Dilaataa, 611 
DUoidudon, 619 

Dimatrodm, 276, 278, 527, 600, 
$19, $$0, $$3, $$4, 380 
Ditnorphodon, 539,898 
Dimylua, 612 
Dinadunu, 615 
DinoiZiirtcfts, 615 
Dinanamodan, 601 
Dinantian, 516 
Dinartamua, 601 
Dinaapidatta, 673 
IHnaapia, 673 
Dindopa, 651 

Dinichthya, 46. 49. 520, 576, SO 
Diwictia, 373,560,616, $76, $70, 
$80 

JXnUi/aia, 887 

Dinoeephalia. 384-85, 528,601 
Dinoearaa, 616 

Diiioeerata. 391^, 554, 557, 
616,655 

Dinaeun/don, 601 
Dineenom 616 
Di»omimvrWt9ln 


Dinofdia, 616 
Dinognathua, 675 
Dinogorgon, 601 

Dinohyua, 448, 564, 620, 839, 
$4$ 

Dinomyidae, 626 
Dinomya, 503 
Dirumdaatama, 575 
Dinophia, 596 
Dinophoneua, 601 
Dinopitheetta, 614 
Dinopolua, 601 
Dinopteryx, 686 
Dinornia. 603, $1$ 
Dinornithiformes, 266, 603 
Dinosaurs, 229-56, 536, 538, 
542, 643-45 
Dimaaunu, 601 
Dinoapkaegua, 601 
Dinoauehua, 598, 601 
Dinotherioidea, 617 
Dinotharium, 411, 413, 564, 565, 
567, 569, 671, 817, SIS 
Dinotiphiua, 624 
Diochotiehua, 490, 624 
Liodomua, 623 
Diodon, 588 
Diodontidae, 112, 688 
Diomedea, 603 
Dtorotherium, 618 
Diphycercal, 8 
Dipilua, 611 
Diplacanthua, 574 
Diplacodon, 619 
Diplasiocoda, 691 
DipUtaiotherium, 618 
Diplaapia, 574 

Diplobune, 455, 620, 535, S4$ 
Diplobunopa, 621 
Dipheaidua, 158, 159, 526, 591, 
1 $$ 

Diploeereidea, 689 
Diplocynodon, 598 
Diphdocua, 240, 244, 538, 599, 
190,196, we, 197 
Diplodua, 585 
Dijdodua, 578 
Diplogloaaua, 696 
Diplogixathua, 576 
DipMophodon, 619 
Dipiolophua, 625 
Diplomyatua, 582 
Diplopalturua, 591 
Diplopterax, 120, 589 
Diptoptarua, 589, 607 
IHplotomodim, 696 
Dijdovertehron, 128, 136, 146- 
47, 148, 149, 523, 590, 10$, 
109 

IHplurua, 589 

Dipnoi, 122-26, 519, 520, 521, 
522,589-90,635-36 
Dipnolejna, 582 
Dipnorhynehua, 125, 589 
Dipodoidea, 504,560,626 
Dipodmya, 625 
Dipoidaa, 626 
Dipnacanihua, 678 
Diprionmya, 625 
Dipratodon, 321, 572, 611, $64 
Diprotodonta, 321, 611 
Dipaalidictidaa, 614 
Dipaaiodon, 614 
Diptaroidea, 689 
Diptaronotua, 680 
Diptaropoma, 679 
Diptarva, 115,122,124,125,519, 
589, 91, 9$ 

Dipua, 504, 626 
Diraeodm, 600 
Diradiaa, 582 
DisoolMitidae, 577 
PiwioidoeBidjw^ 591 
Diseommyt, 626 
DiseoMMirMetM, 591 
Diaaoaawm, 59l 
DiaAcddhyarWO 
Diaaaeua, 550. 614 
maaopaaka, 614 
DissoropjtKS, 590 
Diatiitoplu>nia,m 


Ditaxiodtu, 681 
Ditrama, 586 
Dittodua, 678 
Dittonian, 617 
Dixeya, 601 
Djadoehtatherium, 610 
Dockum, 532, 533 
Dooodontidae, 313, 610 
Dodo, 271 
DoeUotatua, 623 
Dogger, 533, 536 
Dogs, 376-77 
Ddicavia, 626 
Dolichodeira, 595 
Ddichopareia, 592 
Ddichopareiaa, 591 
Ddiehopithecua, 614 
Ddichopterua, 606 
Ddiehorhinmdea, 619 
Ddichorhinva, 431, 619 
Dolichosauridae, 207, 596 
Ddiehoaaunia, 207, 541, 596 
Ddiehoaoma, 158, 524, 501 
Ddichoauchua, 698 
Ddiehotia, 626 
Ddiochoerua, 620 
Ddioddphia, 624 
Ddiodua, 574 
Ddiovertehra, 594 
Dollopterua, 94, 580 
Ddloaawrua, 606 
Ddloauckva, 698 
Ddomya, Oltf 
Ddophonodua, 576 
Dolphin, 490 
Donguaia, 597 
Dontaeantkua, 574 
Doratodon, 598 
Doratodua, 576 
Doratorhynchua, 698 
Dorcahme, 621 
Dorcadoryx, 622 
Doreadoxa, 622 
Dorcameryx, 622 
Dorcatherium, 465, 621 
Dormice, 505 
Dorudon, 489, 622 
Dorygnathua, 598 
Dorypterua, 91, 526, 579, 89 
Dove, 271 

Downtonian, 514, 515, 517 
Draeaenoaaurua, 696 
Draeoclaenua, 617 
Draeontdeatea, 612 
Dragon, 550,553 
Drmotherium, 467, 664, 621 
Drepanaapia, 33,51,526,574, $0 
Drepanometyx, 621 
Dromaaoaaurua, 599 
Dromatherium, 291,535,602,938 
Dromiceiua, 603 
Dromicia, 611 
Dromieoaawua, 599 
Dromocyon, 614 
Dromome^, 467, 621 
Drmornia, 603 
Drydeniua, 579 
Drymarehon, 697 
Drydeatea, 610, $61 
Dryolestidae, 313-14,610 
Dryomya, 626 

Dryopitheeua, 353, 355. 563, 614, 
$ee, $67 
Dryoaaurua, 600 
Dryptoaauroidaa, 599 
Dryptoaavrva, 599 
Drytomomya, 626 
Dvboiaia, 622 
Duohesnean, 553 
Duck. 269 

Duck-billed dinosaurs, 249-52 
Dueter, 586 
Dugongs, 417-18 
Dupli^entata, 506 
Jhtaieyon. 618 
Ditaignathua, 616 
Dusnunieridae. 682 

Dvtnoaaurua, 890 

Dwyka.618,62VM8 

Dyaamop(arua,W 
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VERTEBRATE PALEONTOLOGY 


Dlfophz, 597 
Dyoplotaunu, 600 
Dyptyehotteut, 574 
Dyrmupit, 574, H 
Dyrotavnu, 221, 697 
Dyialoto$aurui, 699 
Dv»eokvu», 620 
I>lltecimur, 613 
DyHomtryx, 621 
Z^Mofvfepv«, 620 
Dyaptema, 614 
Dyatrophaeua, 599 


EagUtomia, 583 
Ear, in amphibianfl. 138 
East Africa, Triaasio of, 532,533 
Eborotiphiua, 624 
Ebraehiaavrtu, 697 
Ebrachotuchiu, 597 
Eeoa, 516, 525 
Eceaaaurw, 601 
Eohelidae, 584 
Eehanaia, 669 
Echeneoidea, 113,589 
Echidna, 310,475, 610 
Eehidnocavhaltu, 684 
Eehimya, 503, 626 
Eehinodm, 600 
Eehinogale, 612 
Echinorhinua, 577 
Eehmatmya, 593 
Edipea, 687 
Eennaaomua, 680 
Eetaaia, 681 

Eetepicondylar foramen, 170 
Eeioeim, 617 
Eetoconodon, 611 
Eeioeonua, 617 
Eetoeynodan, 692 
Eetoganua, 613 
Ectojiiatca, 607 

Eoto^i^ygoid,82,11$, 133,166, 

EetoaUorhaehia, 120, 526, 580 
Eetypodua, 610 
EeaematoUpia, 676 
Eiaphodon, 678 
EdajdioBauria, 600 
Bdaphoaawua, 275, 276, 277, 
524,527,600,2/8,2/7 
EdenUta, 475-84,554.556,558, 
570,561,565,567,569,571, 
622,660 

Edn(iM,65.676,48 
Edmonton, 533, 640 
BdmonUmia,BOO 
Bdmontoaaurva, 250, 600, iOO 
Bdopa, 154,68a 106,107 
Edopaoidea, 6W 
Edwrioircuiaamrtia, 618 
Eela, 108 

Egerkingen, 553, 655 
Bgcrtonia, 586 
Sggycoion, 619 
Egratta,Wl 
Eidoloamirua, W 
Eifdian, 517 
Sifctoaaimu, 594 
Eisbainaoanthua, 694 
Blachoemu, 616 


BlaThc,WT 
BlaiMa. Wf 
Slavhodiu,m 
EUajkncMnm, 606 
Eiaphroaaurua, 898 
Etaphurua, 621 
Elaphut, 621 
filapidae, 200,697 
Etaimobranohii, 62-71, 676-7a 
633 

Elaamodactca, 678 

“ ^* 578 *’ ^ 

_J^196,841.6ea/-J7 

Etaamdmim, 440,570,829 
Elaa$oAti^,m 
StmidiWiE 


Elephantidae, 414-16, 567, 570, 
572,616 

Elephantoidea, 617 
Elephant shrews, 330 
EUphantidxu, 612 
Elaphaa, 415, 617 
Eleutheroeereua, 623 
Eleutheromia, 606 
Elgin, Permian of, 516,525 
Elginia, 592 
Eliffmoaontia, 627 
Eliomya, 626 
Elk, 469 

Ellesmere Laud, 517, 518 
EUimmichthya, 582 
EUiotamithia, 600 
EUipaodon, 617 
EUipUmodim, 596 
EUobiua, 627 
Elochdya, 593 
EUmeryx, 620 
Eloniehthya, 90,579 
Elcpopaia, 581 
Elopa, 681 
Elopteryx, 268, 603 
Eloritu, 606 
Elornia, 604 
Eloaaurua, 599 
Elotherium, 620 
Elphidophorua, 614 
Elphidototaraiua, 613 
Elpidophorua, 612, £59, £60 
Elpiaophclia, 580 
Elpiatoiege, 143,521,590, 106 
Emballonuridae, 612 
Etnbaaaurtu, 599 
Emberita, 610 
Embiotocidae, 586 
Embolomeri, 146-47, 523, 526, 
527, 581 

Embolomerous vertebrae, 130, 
146 

Embdothernm, 431,619 
Embrithopoda, 407, 616 
Embrithoaauma, 592 
Etnetu, 603 
Emmachaere, 585 
Empprodon, 612 
Emsian, 517 
Emu, 265 
Emyaa, 594 
Emydidae, 181, 693 
Emydochampaa, 601 
Emydopa, 801 
Emydopaia, 601 
Emydopaoidaa, 601 
Emydarhinva, 601 
Emydorhynchua, 601 
Emydura, 693 
Emyduranua, 601 
Emya, 693 
Emytuchua, 598 
Enaliornia, 602 
Enalioavdiua, 687 
Enehdwrua, 584 
Enehdyopaia, 681 
Bnekodua, 106,682 
BndeUAapia, 30,673, 19 
Endcgomphodan, 601 
EndoMtodon. 525, 601 

Bw gifcnd 

aiurian of, 514, 517 
Devonian of, 517 
Carboniferous of, 516,521 
Penman of, 516,525 
EfUTavlia, 682 
ErJiydrictia, 016 
Bnlmriodon, 616 
Bnh^oeyon, 616 
Enigmatiehthya, 680 
En^imatoaavrua, 696 
Enn^, 681 
Ennaiiehthya, 681 
Sntuoeeniu, 817 
Endriva, 001 
Enejdesttt, 686 
EitseestoM, 676 
BnUMon, 448, m 
Sntetodonridae, 448-4a 664, 
666,620 


Entepioondylar foramen, 168, 
170, 306 

Entererrian, 552, 566 
Entoconid, 301 
Entomdeatea, 612 
Entoptychua, 625 
Entotympanic, 297 
Entylonychia, 397-98, 618 
Environments of fossil vcrte- 

Eoanthrop^a, 358, 360, 614, £7£ 

Eoanura, 591 

Eoarchegonaapia, 574 

Eoaretopa, 601 

Eoauchenia, 618 

Eobaphetea, 591 

Eobaaileua, 616 

EobaiTochua, 591 

Eobothua, 688 

Eobryecn, 583 

Eocaiman, 698 

Eoeardia, 626 

Eocathartea, 604 

Eocene, 553, 555-59 

Eoeenoauchua, 598 

Eoceornia, 604 

Eoceratopa, 600 

Eocerua, 622 

Eocetua, 623 

Eochalieotherium, 618 

Eochelone, 694 

Eoehtrotnya, 614 

Eocodopoma, 586 

Eoconodon, 614 

Eocottua, 588 

Eocrex, 606 

Eoetemiua, 589 

Eoctodon, 626 

Eocyclopa, 601 

Eocyprinua, 583 

Eoddphia, 611 

Eoeugnathua, 581 

Eogrua, 605 

Eogyrinua, 128, 142, 146, 523, 
591, 96,108 
Eohaplotnya, 625 
Eohegetotnarium, 618 
Eohippua, 424, 436, 556, 618, 
519, S£0, S£I, S££, S£S, S£4 
Eohyrax, 618 
Eddbroidaa, 588 
Eomannodon, 611 
Eomagathmum, 623 
Eomdliwra, 615 
Eomeryx, 621 
Eomaaodim, 680 
Eometarhinua, 619 
Eomoropw, 434, 819 
Eomorpiippua, 618 
Eomyrua, 584 
Emya, 499, 625 
Eonaornia, 604 
Eonaaaa, 604 
Eopaekyrueoa, 818 
Eopdobatea, 691 
Eoperca, 686 
Eophtaniata, 624 
Eopriatia, 577 
Eoproterotherium, 617 
Eoptaryx, 610 
EoSrodua, 576 
Eoaawaaua, 692 
EoMurtM, 691 
Eoaelerocaiyptua, 623 
Eoaeorpiru, 588 
Eoacmionotua, 580 
EoserraniM, 5M 
Eoamopa, 601 
Eoairan, 418,617 
Soaphargia, 694 
Soaijphaniaeua, 603 
Eoafaga, BOi 
Eoataarmya, 626 
Eodifigearoa, 921 
Eomiehia, 200-2, 222, 528, 635, 
89a 641 
Eoauehua, 698 
EefAsiiMivt, 627 
Eo<A«rjiiiit,817 
EtMirmdaa, 417,817, Et6 
Eathimniia,H5 


Eothyria, 600 
Bothyraitea, 587 
Eotitanopa, 431, 619 
Eotitanotherium, 619 
Eotorpedo, 578 
EotragtUf 472, 622 
Eotrigontaa, 619 
Eotrigonodon, 688 
Eotylopua, 620 
Eoxenopoidea, 591 
Eoaoatrodon, 602 
Epanorthua, 611 
Epeeucnia, 618 
Epheleotnenua, 620 
Epkippitea, 587 
Ephippua, 587 
Ephyrachyua, 619 
Epiaceramenum, 619 
Epiceratodua, 1^, 126, 690, 65, 
9f 

Epigaidaa, 625 
Epihippua, 426,557,618 
Epimachacrodua, 615 
Epimanteoceraa, 619 
Epimya, 627 
Epinephelua, 585 
Epipatriarehua, 618 
Epipetaliehthya, 675 
Epipeltephdua, 623 
Epiphyses, 294 
Epipterygoid, 83,133, 296 
EpiraUua, 606 
Epiruaa, 621 

Epi^poaaurua, 216,697, 180 
Epiiriploptu, 619 
Epitypothmum, 618 
Epoteotherium, 622 
Eporeodon, 621 
Eppelsheim, 552, 566 
Epteaicru, 613 

Equidae. 421-29, 557, 558, 560, 
564,567,568,569,571,572, 
618-19,656 
Equoidea, 618-19 
Equvla, 686 

Eguua, 7, 422,429,568,570,619, 
£87,5£0, S£l, S££, 5£$ 
Ereetopua, 699 
Ermopaaua, 603 
Erethiaon, 503, 626 
Erethisontidae, 503,626 
Eretmoaavnu, 895 
Ereunetea, 606 
Erian, 517 
Erxedacarta, 602, £96 
Erinaceoidea, 329^30, 612 
Erinaeaua, 329, 612 
Eriodea, 614 
Eriphodoma, 601 
Eriquiua, 686 
Eriaickthe, 681 
Eriamaeanlhaa, 878 
Eriamatopterua, 685 
Erithaeua, 609 
Bmaatkokmia, 617 
EmaaichaeektUa, 618 
Erdia, 606 
ErojdiyUa.BM 
Erpeioeejmlua, 690 
Brpatoaavrua, 145,98a 107 
Erpetomchua, 697 
Erqudinnaaia, 693 
Eryopa, 161-52, 154, 526, 590. 

94 ,98,99,100,10$, 118,114 
Eryopsoidea, 690 
Eryepaoidaa, M 
Eryptyekiua, 874 
j^fknnefepii, 683 
Erythroehmpaa, 697 
Brvthnmdiva,m,m 
Jfsoeriops, 581 
Eaotmident&Xt 
Sao»,$B4 
Eucnodm, 610 
Saaoprion, 811 
Eatkmyx, 336,656, Oia $6 

BUm)old,8^ 

ISSS^ 

Smaiiwm»,sn 
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EuangelittM, 611 
Euarctot, 370 
PJuarthrodira, 574 
EvbaHna, 563 
Eubalaena, 624 
Evbelodon, 617 
Eubtodectea, 562 
EvbuffifOwxa, 588 
jEucardiodon, 626 
Eucaator, 625 
Eueaatoroidea, 625 
Evfientrurua, 578 
Eueeratherium, 622 
Eueereoaaurua, 600 
Eucetotluriun, 624 
Ewhamberaia, 602 
Euehiroaaurua, 590 
Eucholoeopa, 622 
Ewinepdtua, 623 
Eucladocaroa, 621 
Euelaatea, 593 
Eucnemeaaurua, 599 
Eueoelophorua, 626 
Eucoatnodon, 610 
Euoreodi, 369, 614-15 
Eucrotaphua, 621 
Euctmiua, 578 
Euetenoeeroa, 621 
Euctenodopaia, 578 
Ewyrtaapia, 574 
Ewiaemonema, 612 
Etidinoeeraa, 616 
Euddopa, 611 
Eudromiaa, 606 
Eudyptea, 603 
Eugidaua, 577 
Euoloaaodua, 578 
Eugnatkidea, 581 
Eugnathua, 99, 534, 537, 581 
Eugyrinua, 590 
EuKapaia, 625 
Eukeraapia, 573 
Evleptaavia, 574 
Evlaptorhamphua, 584 
EutnantaUia, 601 
Eumatthavva, 600 
Eutnegamya, 503, 626 
Eumeryx, 62l 
Eumetopiaa, 616 
Eumylodon, 623 
Eumya, 626, S7S 
Eumyaodon, 626 
Eumyaopa, 626 
EunotosaurU, 183-84, 592 
Evnotoaawua, 183,184,528, 592, 

Ewploceidialua, 600 
Ewwenia, 611 

Euparkeria, 214, 231, 535, 597, 


m, ire 

Eupdor, 590 
EujAagua, 610 
Buphanerom, 573 
EuphUut, 626 
Eujdiraetua, 623 
Euphyacanihua, 578 
Euplaurogmua, 674 
Euploq/on, 615 

EupodUf 606 
Euporoataua, 689 
Eupoaawua, 596 
EMproioggnia, 617 
Euprgtt 621 
iSupleromM, 602 
Euptyehaapia, 674 
Ewhxnoaaurua, 189, 538, 694 
European doporita 
Pafeoaoie, 514-18, 521, 522, 
524-25 

Meeofoie, 531-32, 533, 536- 
37 540 

Cendioio, 548. 550, 552>n53, 
554,555.557,559,560,562, 
566,568,570 
Evnpaitmw, 613 
Svroaawva, 601 
Sun/aeodon, 613 
gttn(tt»i«,604 

avivi^m 


Ewycarpua, 601 
Euryeeroa, 621 
Eurychir, 682 
Eurychororhinua, 601 
Euryeleidua, 595 
Eurycormua, 681 
Euryeapia, 593 
Eurygeniutn, 618 
Eurkinodelphia, 491, 624 
Eurylambda, 313, 610, B51 
Eurylepidoidea, 579 
Evrymylua, 507, 554, 627 
Evrynotoidea, 679 
Eurynotua, 579 
Euryodon, 623 
Euryodua, 159, 592, IBS 
Euryonotua, 606 
Eurypholia, 106, 582, 86 
Eurypterids, 37 
Evrypterygiua, 189, 694 
Euryaomua, 579 
Euryaiernum, 593 
Euryatethua, 581 
Euryzygona, 811 
Euaauropleura, 592 
Euamiua, 581 
Euaigmotnya, 626 
Euakdoaaurua, 699' 

Euamilua, 615 

Eualhenopteron, 110, 120, 519, 
589, 6S, es, 88, 94 
Eusuchia, 598 
Eutamiaa, 625 
Eutaiopaia, 623 
EutaUa, 623 
Eutdomia, 604 
Euihacanihm, 44, 574, 26 
Euthecodon, 598 
Euthlaatea, 610 
Euthynotua, 681 
Eutmodua, 618 
EuUmodua [Tomodus], 578 
Eutrigonodon, 618 
Eutrumeua, 582 
Eutypomya, 625 
Eutypothirium, 618 
Euxanura, 604 
Exuavhlegea, 587 
Evenkia, 580 
Eveathea, 588 

Evolutionary theories, 3-5 
Evotomya, 627 
ExeUia, 587 

Exoccipital, 83, 133, 296 
Exocoetoidea, 584 
Exoatinua, 595 
Extrascapulars, 81,118 

F 

Fadenia, 576 
Fatumia, 683 
Faleo, 605 
Falcon, 269 
Falcones, 269, 605 
Falconiformee, 269, 604-6 
Famennian, 517 
Farancia, 597 
Famdlia, 575 

FayOm, 553, 556, 558, 659, 561 
Feathers, 257 
Fdichthya, 583 

Felidae, 371-73, 560, 563, 567, 
568, 670, 571, 572, 615, 653 
Felinae, 371, 373 
Fdta. 371, 373,8l6 
Fdainoihariumt 418, 617 
Femur, 137,306,306 
Fenestra ovalis, 138 
Fibula, 137 
Fibulare, 136 
Fieraafar, 567 
FUholomia, 605 
Fin rays, 82 

Fins of Oshea, 7-8, 11-12, 35, 
40-41, 84.88.114-15 
Fishes, 23-126,6^1 
structure of, 7-17 
Fissipedia. 869-79 556 614, 
653-54 
Fiaaodua, 678 


Fiatvdaria, 585 
Flamingo, 269 
Fleurantia, 126, 589, 9S 
Flight 

in pterosaurs, 225 
in birds, 257-58 
in bats, 332 
Flinderaichthya, 581 
Florenitatnya, 625 S72, S7S 
Florida, 604 

Florida, Miocene of, 552, 562 
Floridachoerua, 620 
FUrridairagvlua, 621 
Flounders, 112 
Mying fishes, 108 
Flying foxes, 333 
Flying lemur, 332 
Foetopterua, 605 
Fontinalia, 610 

Foramina of mammalian skull, 
297-98 
Forfex, 584 
Formicariidae, 608 
Foratercooperia, 619 
Fort Union, 550, 553 
Fossa, 370 
Fosaa, 615 

Fossils, vertebrate, 1-3 
Fotddenia, 579 
Fowl, 269 
Foxes, 376 

France, Permian of, 516, 525 
FrancUinua, 606 
Frankoauchua, 697 
Frasuian, 517 
Fratercvla, 607 
Freanoaaurua, 695 
Friasiau, 552 
Frigate bird, 268 
FringiUa, 610 
Fritachia, 592 
Frogs, 155-57 
Frontal, 81, 117, 133, 296 
Fvigurotherium, 599 
Fidica, 806 
Ftdicaielornia, 605 
Fulmarua, 603 
Fundvlua, 584 
Furctfer, 621 
Furnariua, 608 
Fvro, 99, 681 

G 

Gadua. 587 
Gafaachdya, 593 
Gaindatherium, 619 
Galago, 344, 345 
Galbulao. 608 
Galaa, 626 
Galechirua, 600 
Oaleeynua, 816 
GaUocardo, 68, 540, 577 ,49 
Galeoidea, 67-68, 578-77 
Galealamm, 68, 577 
Galeopithecidae, 612 
Galaopithecua, 332 
Galeopa, 600 
Galepua, 278, 600 ,221 
Qalerhinua, 601 
GdUrhynchw, 601 
Qaterida, 809 
Oalerix, 612 
Galaaawua, 602 
Gahaphyrw, 595 
Gamackua, 601 
Oalethyiax, 614 
Gaiaua, 67, 677 
Gadictia, 61S 
Galli, 606 
• OaUiaaMua, 623 
Galliformes, 269. 605 . 

QaUimgo, 6(96 
GtMitma, 606 
Qaliinuloidaa, 6(0 
Gaatro0tM,6O6 
QaUomia.W 
GaUMa,m 
Oamphaeanthtat, 578 
Otampaaeanihaih 878 
Oangieobta, 622 


Gannet, 268 
Ganodua, 578 
Ganodaaua, 582 
Ganoinc, 77 
Ganolepia, 579 
Ganolytea. 582 
Glanopriatia, 577 
Oanorhynchua, 589 
Ganoateua, 574 
Garpike, 97 
Oarrvlua, 608 
Oaraonia, 611 
Gashato, 550, 553, 554 
Gaahtemia, 611 
Gaateracanthua, 686 
Gaateroateopa, 684 
Gaateroateua, 109, 584 
Gaatornia, 606 
Oaudrya, 590 
Gavia, 268, 603 
Gavialidae, 222, 598 
Gavialia, 598 
Oavialoauchiia, 598 
Gamlla, 603 
Gaviiformcs, 268, 603 
Gaviota, 607 
Gatdla, 472, 622, SB2 
Gaselles, 472 
Gatelloapira, 622 
Geeinua, 608 
Geikia, 601 
Geiaacanthua, 578 
GeiaUoceroa, 608 
Oeitonichthya, 578 
Gekkota, 206, 595 
Gdaatnodon, 620 
G^atopa, 611 
Gdocua, 464,557, 560. 621 
Gempylna, 587 

Gemuendina, 55, 56, 57, 519, 
576 ,40 
Genets, 370 
Genetta, 615 
Geniohyua, 616 
GentilicamlvaJbTO 
Genyodeetea, 699 
Genyornia, 603 
Geocapromya, 626 
Geoclemmya, 583 
Geococcyx, 607 
Geomyda, 593 
Geolabia, 612 

Geologic periods, 508, 509 
Geomickthya, 580 
Geomyoidea, 500-501, 557 560, 
571,625 
Geomya, 625 
Georychua, 626 

Geoaaurua, 221, 538, 667, 181, 
182 

Geotrygon, 607 
Oeotrypua, 612 
Gephyroategw, 591 
Oerandia, 607 
Oeranoidea, 605 
Geranopaia, 605 
Oeranopterua, 608 
Qeranoaaurua, 568 
GerbtUua^ 627 
Oardalepta, 575 
Oermanmya, 627 
Oermanoaaurua, 664 
Germany, Devoman of, 517,518 
Gmkoaaurua, 891 
Garrothorax, 590 ,106 


Hbbons, 352 
HdUya, 622 
Hdleyina, 617 
HganthicMhya, 577 
Hgantoeamahu, 621 
rigantojAia, 597 
ligantopitMCua, 354, 814 
ligaittopterua, 580 
l^ntomia, 803 
Hgantoaaurua, 899 
hMnioaedua, 888 
mietia, 882 
Ktttdta.886 

Jills, 16-17,35,39,84-85, 13 
Hndi^atama. 68, 576 ,49 
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Graffidac, 469-70,664,567, 569, 
621-22, 659 
Oiraffokeryx, 621 
Qirale, pectoral 
io amphibiane, 135 
ia birds, 258 
in fishes, 12, 83 
in mammals, 305-6 
in reptilee, 167-78 
Qirdle, pelvic 
in amphibians, 135-36 
in birds, 259 
in fishes, 12, 83 
in mammals, 306 
in reptiles, 168 
Givetian, 517 
Glanosuchus, 602 
Glaucidium, 607 
Glaueolepit, 579 
Olawomys, 625 
OUrattu, 626 
Gli$, 505, 626 
OMfietphcUa, 624 
Gkbidena, 208, 596 
Olochinodon, 602 
Gloehinoduntoidea, 602 
Glodtdodua, 579 
Ghaaodua, 578 
Oloaaoidaapia, 574 
Oloaaophaga, 613 
Gloaaotherium, 623 
Olymtnataeanihua, 578 
OlypA^n, 617 
Glyptaapia, 575 
Olyptaldua, 623 
Olyptoeheloney 594 
Olyptodon, 479, 623, SS9, SGI 
Glyptodoutidae, 479-81, 561, 
565,567,571,572,623 
Glyptdepia, 120, 5^ 

OlypiopomtUy 5^ 

Glyptopa, 593 
Qlyptorhynektu, 584 
Glyptosaurua, 596 
Qlyptotherium, 623 
Onathacanihua, 578 
Qnathdtelodon, 413, 617 
Gnathorhiaa, 590 
Gnathoaourua, 598 
GfMthotHan, 619 
Goats. 472, 473 
Goatsucker, 271 
Oobiaiherium, 391, 616 
Oobieyon^ 616 
Gobiesoddae, 589 
Gobic, 5^ 

Oobiohyua, 620 
Gobioidea, 113, 588 
GobMamu, 627 
Gohiopsis, 688 
Gobiua, 688 
Golden mole, 328 
GoliatMay 604 
Golunda,627 
OotnpKodua, 674 
Gotnphodonioauchva, 602 
Gomjdiognathua, 602 
Qompkotherivm, 412, 564-65, 
617 ,511 
Gonatodua, 679 
Gondwanaland, 528-29 
Oondwanoaattrua, 590 
Goniaeodon, 614 
Qimioddphia, 624 
OoniodonUmya, 627 
Gmioglypiua, 590 
Omiophblia, 222, 598 
Oonioateua, 675 
Gonorhynohoidea, 563 

Oonoa^a, ^ 

Oooiriekia, 576 
Goose, 269 
Oof^, 600 
pooket, 500-501 
Gaphmu, 593 
Oordonia,Wl 
Gorgon, 02Z 
Goroonumv$»575 
Oorgonognatkua, 601 
Gomonopf, 601 


Gorgouopsia, 286-87, 528,601 
Oorgonorhinua, 601 
Gorgoaaurua, 238, 542, 599, 190, 

Gorilla, 353 
Go^ordia, 589 
Graculamia, 603, 606 
Oraecoryx, 622 
Grangerimua, 625 
Graphimua, 626 
Graphioaon, 624 
Qraphiurickthya, 589 
Graphiurua, 589 
Oraptemya, 593 
Gravigrada, 622 -23 
Grebe, 268 
Greenland 

Devonian of, 517, 518 

Triassic of, 532, 533 
Gregorymya, 626 
Greadyoaaurua, 699 
Griphodon, 616 
Grippia, 594 
Oriquatherium, 622 
Oriaon, 615 
Groenlandaapia, 575 
Oroaaaapia, 575 
Grouse, 269 
Grues, 605 

Gruiformes, 269-70, 605-6 
Grua, 605 
Oryphoca, 616 
Gryphodobatia, 577 
Grypdithax, 624 
Grypoiophodon, 618 
Gryponyx, 599 
Orypoaaurua, 600 
Grypoauchua 598 
Grypotherium, 623 
Guara, 604 
Ouilieltaofioweria, 617 
GuilidmoacoUia, 618 
Guinea pig, 503 
Gulars, 82 
Gulo, 375, 615 
Gull, 271 
Gurnards. 112 
Gymnarthridac, 527, 592 
Oymnarthrua, 159, 592 
Gymnaaio, 607 
Gymnoniacua, 579 
Gymnophioua, 161, 592 
Oymnoaarda, 586 
Gymnoaaurichthya, 580 
Oymnotraehdua, 575 
Oymnura, 329 
Oymonogypa, 605 
GypaHua, 605 
Oypoaavrua, 599 
Qypa, 6(Ki 
Gypaonictopa, 612 
Gypaorhynchua, 625 
^psorms, 606 
Gyraeanthoidaa, 574 
Gyraeanihna, 45,574 
Oyrmya, 593 
Oyriabrua, 626 
Oyrignovhua, 626 
Oyrinodon, 818 
Cfyrodua, 537, 580 
Oyrolepidoti^ 580 
Oyrolepia, 679 
difroplaeoataua, 675 
Gyrojdyehiua, 589 
Gyroateua, 579 

H 

HaJbroichihya, 94,580 
Habromeryx, 621 
Habroaaunu, 896 
Hadrianva, 893 
Hadfoeyon, 616 
ffadropithaeua, 613 
Hadrosauridae, 249-52,542,600 
Hadroaaurua, 600 
Hadroateua, 676 
Haemal arches 
in amphiUans, 131 
in fidies, 11,83 
Baomatopu$t606 


Hagfishes. 23-25 
Hainoaaurua, 596 
Hajulia, 581 
Haleyornia, 607 
Halee, 582 
HaUcodon, 582 
Haleeopaia, 582 
Haliaeatua, 60S 
Halianaaaa, 565,617 
Halibut, 112 
Haliooridae, 617 
Halicoriformes, 617 
Halitlu^ium, 418, 617, S17 
Halladothmum, 621 
Haj^pua, 598 
Hallux, 137, 304, 307 
Hdmadromtia, 611 
Haltnarkipkua, 611 
HcUmaadua, 611 
Haloaaurua, 584 
Haltieoma-ua, 598 
Hamatua, 578 
Hamodxu, 589 
Hapak, 347, 614 
Hapalidae, 347, 614 
Hapalodectea, 614 
Hapalopa, 482, 483, 622, S60 
Haplacantkua, 57 A 
Haplaletea, 617 
Haplobunodon, 620 
Hajdocanthoaaurua, 599 
Haplochilua, 684 
Haplocmua, 617 
Hajiocyrundta, 616 
Haplocyon, 615 
Haplodoci, 113,588 
Haplodontherium, 618 
Haptodontoaaurua, 596 
Haphlambda, 616 
Haplolepia, 579, 65 
Haplomeryx, 61^ 

Haplomi, 108, 584 
Haplomyltu, 617 
Haplomya, 625 
Haploapondylua, 581 
Haploatrojdia, 626 
ffdptodua, 527, 600 
Harddla, 593 
Harding sandstone, 514 
Hares, 505-7 
Hargeria, 602 
Harpacanlhtu, 578 
HarpagoUatea, 614 
Harpagornia, 605 
Harpagoaavraa, 596 
Harrison, 552, 562 
Haaaiaeoauchua, 598 
Haughtoniana, 601 
Hawk, 269 

Hawkesbury, 532, 533 
Hayia, 688 
Hayoeeroa, 622 
He&e, 610 
Hedgehog, 329 
Hadimya, 626 
Hegetotheria, 618 
Haqetothmum, 398, 618, 598 
Heidelberg jaw, 358 
Heintzaama, 574 
Heintgichthya, 575 
Hdagraa, 597 
H^taa, 619 
Helddbwgian, 517 
Hdonaeanthua, 578 
HdwphUua, 595 
Hdoooavrua, 595 
Hdaoauehva, 595 
Hdimhm,m 
Hdieampoaua, 576 
Hdiehtkya, 579 
Hdieoeeraa, 622 
Hdieophora, 622 
Hdieoporlax, 622 
MdkopHon, 65,576 ,48 
HaHeokagua, 622 
BdiobaUa, 577 
Hdioamya, 625 
BdminthUepia, 581 


HdmdnM, 580 
Ba0Mydra,8t 
Bdochdya,m 


Hdodaetea, 592 
Hdodartna, 206, 596 
Hdodromaa, 606 
Hdodua, 73.578, S7, 58 
Hdokyua, 447, 620 
Hdolepia, 574 
Hdopua, 599 
Hemtacodon, 613 
Hmiauchenia, 621 
Hamiboa, 622 
Hemiehdya, 594 
Hemichorda, 19-20 
Hemieyclaapia, 515, 673, 16 
Hmieyon, 379, 563, 616, 875, 
888 

Hmielopopaia, 581 
Hemieutatua, 623 
Hmihagetotherium, 618 
Hemimeryx, 620 
Hemingfordian, 552 
Hemionua, 619 
Hmipriatia, 68 , 677, 49 
Hemipaalokn, 614 
Hemiptyehodua, 577 
Hemirhamphua, 584 
Hemirhynehaa, 586 
Hemiaaurida, 5M 
Hemtatrepnceros, 622 
Hemiayntrachdua, 624 
Hemithlaeua, 617 
Hemithyraitea, 587 
Hemitragua, 622 
Hemitrichaa, 583 
Hemitrypua, 692 
Hemphill, 552, 566 
Hmnigia, 577 
Henodua, 196, 595 
Henricofilholia, 618 
Henricoabornxa, 618 
Heptacodon, 629 
Heptanma, 589 
Heptaaaurua, 590 
Heptazodon, 626 
Haptodon, 435, 619, 886 
Hemoaiornia, 606 
Heron, 269 
Harpeatea, 615 
Herpetairua, 610 
Herpetocetua, 624 
Herrinm, 105 
Heaeheleria, 695 
Heaperhya, 620 
Haaperocetua, 624 
Heaparomeryx, 621 
Heaperomya, 627 
Heaperomia, 260, 263, 266, 268, 
544, 602, 807, 811 
Hesperornithiformes, 602 
Heaperoaealopa, 612 
Heaperoairan, 617 
Hetarolocha, 609 
Heteracanthua, 578 
HeUralatea, 619 
Hetarobagrua, 583 
Heterocamaa, 621 
Heterooeroal, 8, 88 
Heterocetua, 624 
HetaroclitotriUm, 592 
Hateroenua, 623 
Hetarocricettdon, 626 
HateroddT^ia, 624 
Haterodon, 623 

HaUiro^taa, 66,537,576,49 
Heterodontoidea, 576 
Haterogaapia, 574 
Hatarwyua, 614 
Haterokpidotiia, 881, 75 
HaUromarifit, 6z1 
Heteromi. 108, 541, 884 
Heteromyidae, 625 
Haieromyoxita, 626 
Bdaroprox, 621 
Hataropaomya, 626 
Bataroptyehoduai^TT 
Bataromthon, 807 
BatoforkM, 608 
BaUroaaurva, 887 
Baieroaminthva, 626 
Baieniooantn, 113,688 
Batamorm, 612 
BatomtfM, 50,819,878 
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Heterostrad. 31-34. AIS, 518. 

519, 520,573-74 
HeteroitrophuB, 580 
Heteroiwkvi, 688 
Hexagrammidae, 588 
HexameryXt 622 
Hexanehus, 66, 67, 537, 576, 49 
Hexaprotodm, 620 
Hexaptephvx, 583 
Hexobd^eryx, 622 
Hexdobodon, 626 
Hibemaapit, 574 
Hieroaaurua, 600 
Himantopua, 606 
Hinton, 516, 522 
Hipparion, 428, 567, 669, 619 
Hippidion, 429, 619. Si6 
Hippocamdua, 621 
Hippogloaaoidea, 688 
Hippohyva, 620 
Hippomorpha, 421-34, 616-19 
Hippopotamiaae, 452-53, 571, 
572,620 

Hippopotamua, 452, 620, SS7, 
SS8 

Hippoaaurua, 601 
HippoBidoridae, 612-13 
Htppotigria, 619 
Hippotragua, 622 
Htrundo, 609 
Hiapanochampaa, 598 
Hiatialoaa, 581 
Hiaiionotopterua, 588 
Hiationotua, 581 
Hiatiophorua, 111, 586 
Hiatiotkriaaa, 582 
Hiatiotua, 613 
Hiatiurua, 582 
Hiatrionicua, 604 
Hoactzin, 269 
Hoanghoniuat 613 
Hodaapia, 673 
Hofmeyeria, 602 
Holacanthtu, 112, 587 
HiMretoa, 616 
Holaapta, 574 
Hdcodua, 596 
HdcoUpia, 581 
Holdeniua, 575 
Hdtneadla, 574 
Holtneaina, 623 
Holoeentroidea, 585 
Holocentrum, 585 
Holocephali, 72-74, 578, 633-34 
Holockilua, 627 
Holodiptema, 589 
Holodua, 589 
Hohnema, 50, 575 
Holopa, 598 

Holoptychiua, 120, 589, 88 , 89 
Hcloquiacalua, 610 
Hdoaaurva, 596 

Holostei, 96-102, 526, 534, 537, 
541, 680-81 
Holoateua, 684 
Hdwua, 578 
Holtmaden, 533, 536 
Homaaanthua, B74 
Jfomacodon, 446, 447, 620, m, 
S4S 

Homalaapia, 573 
Homaloaotheriidae, 566,618 
ffomalodotherium, 397, 398, 565, 


616, m, m, m 

Homalopta, 608 
Homakatjfio^, 618 
Hmaapia, 673 

Homo, 356, 358. 359, 360, 572, 
614, m, m 
Homooeroal, 88,103 
Homoaoaawua, 203,588,695, 167 
Homogalax, 435. 619, SlfO 
HomonotieMhya, 585 
Homonotua, 585 
Homopdia, 607 
Homopiomya, 626 
Homepua, 598 
Bomorkynehua, 588 

Bmatkarium, 615 


Homunculua, 347, 565, 614 
HoMnotherium, 621 
Hoplitoaaurua, 600 
Hoplitoawhua, 597 
Hopheetua, 624 
Hoplochdya, 593 
HopUmehua, 578 
Hoplophoneua, 373,615, S77,279 
Hoplophorua, 623 
HojiLopkractua, 623 
Hoplopteryx, 110, 586, 87 
Hoploauchua, 697 
Horatiomya, 627 
Hornbill, 272 
Horned dinoBaurs, 254-56 
Horns, 461, 464, 467, 468, 470, 

471-72 

Horses, 421-30 
Hovaaaurua, 695 
Howeaia, 595 
Hsanda Gol, 553, 559 
Huayquerian, 552 
Huginaapia, 574 
Humerus, 136, 305, 306 
Hummingbird, 271 
Huaaakofia, 575 
Hyaena, 371, 615, 275, 282 
Hyaenadurua, 615 
Hyaenarctoa, 379, 616, 275 
Hyaenictia, 615 

Hyaenidae. 371, 563, 567, 615, 
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Hyaenodictia, 614 
Hyaenodon, 368, 556, 560, 561, 

614 

Hyaenodonopa, 611 
Hyaenodontidae, 368, 555, 560, 

561, 563, 670, 614 
Hyaanognathua, 616 
Hyaenoauchua, 602 
Hybocladodua, 576 
Hybodontidae, 523, 526, 582, 

534, 537, 540, 576 
Hyhodopaia, 576 

Hybodua, 64, 65. 66, 532, 576. 

6, 24, 47,48 
Hydaavieobua, 622 
Hydrdmoaaurua, SBS 
Hydranaaaa, 604 
Hydraapia, 593 
Uydroekdidon, 607 
Hydroehoeropaia, 626 
Hydrockoerua, 503, 626 
Hydromya, 627 
Hydropdta, 693 
Ilydropeaawn, 580 
Hydropotea, 621 
HydropatUia, 608 
Hydromia, 603 
HydroVierikomia, 607 
Hydrotharoaaurua, 595 
Hymoauehua, 461, 621 


Hyenoaaurua, 602 
Hyla, 591 
HyUuobatia, 577 
Hylaeobatrachua, 582 
Hylaeockampaa, 222, 598 
Hylaaochdya, 593 
Hylaeoaaurva, 600 
Hj^peUm, 592 
HyUingaa, 579 
Hjd^taa, 352 
Hyloehoerua, 620 
HyUmaryx, 620 
HyUmomua, 524, 592 
Hjflopithaeua, 614 
Hyloplaaion, 692 
Hynotaidaa, 892 
Hyohodpa, 620 
Hyoid arch, 13 

Hyomandibular, 12, 13, 38, 39- 
40, 83, 138 
Hyomaryx, 621 
Hyopotamua, 620 
Hyopaodw, 888, 555, 557, 617, 
289, 290 

Hyorhynchw, 602 
j^ostyiic, 40 
Hyoaua, 620 


Byedkarivm, 


Hyotiian, 819 
Hypacroaaurua, 600 
Hypercoryphotion, 616 
Hyperdiehobune, 620 
Hyperdiddphya, 611 
Hyperhippidium, 619 
Hyperleptua, 622 
Hyparmekopa, 621 
Hyperodapedon, 203, 595, 168 
Hypertra^idae, 463, 558, 561, 
564, 566, 621 
Hypertragvlva, 463, 621 
Hypiaodna, 463, 621 
Hypnomya, 626 
Hypocone, 301 
Hypoconid, 301 
Hypoconulid, 301 
Hypogaomya, 627 
Hypohippua, 427, 564, 567, 619 
Hypolagua, 627 
Hypoloph, 302 
Hypolophid, 302 
Hypdophitea, ST7 
Hypolopkua, 677 
Hypomorphnua, 605 
Hypophihalmichthya, 583 
Hypoprion, 577 
Hyporktna, 696 
Hypoaaurua, 598 
Hypotodua, 576 
Hypaeloaaurrta, 599 
Hypailophodon, 248, 253, 599, 
199 

Hypaiprymnodon, 321, 611 
Hyaiprymnopata, 602 
Hypaocormua, 100, 581, 80 
Hypaodon, 582 
Hypsodout, 300 
Hypaognathua, 592 
Hypaoapondylua, 581 
Hyrachyidae, 436, 619, 657 
Hyrachyua, 436, 557, 619, S20, 
S23 

Hyracodon, 436, 560, 619, S28, 
S29, S31 

Hyracodonikerium, 620 
HyracodonUdae, 436, 557, 563, 

Hyracoidea, 405-7, 558, 561, 
616,655 

Hyracoleatea, 614 
Hyracothtrium, 424, 430, 618, 
241 

Hyrax, 405, 616 

Hystricoidea, 502-4, 557, 562, 
565,567,571,572,625-26 
Hystricomorpha, 501-4, 625-26 
Hyatricopa, 625 
Hyatrix, 502, 625 


Ibex, 622 
Ibidopia, 604 
Ibidopaia, 604 
Ibia, 604 
lodidae, 588 
lehihyacanthua, 590 
IchihyerpaUm, 591 
Ickthyo^tea, 582 
lohthyodorulites, 578 
lehthyokentema, 581 
Ichtbyopterygia, 189, 594 
lehthyopteryx, 603 
lehthyomia, 263, 266, 544, 603, 
211 

lohthyornithiformes, 602 
lobihyosauria, 186-89, 528, 535, 
538,541.594,640 
lekfhyoaaurua, 189, 538,594 
lehtkvoaUga, 144,145,590, 105 
lobthyM^^ia, 143-45, 521, 

lektkyoatagopaia, 144,590 
IcfU^tringa, 584 
Ichihypriaptta, 578 


Jctidotn^hio, 602 



Ictidopappua, 614 
Ictidopana, 602 
Iclidopaia, 602 

Ictidosauria, 289-91, 535, 602 
646-47 

letidoaaurua, 602 
letidoatoma, 602 
Ictidoauehmdea, 602 
Ictidoauehopa, 602 
Ictioborua, 611 
letiorhinua, 601 
letitherium, 371, 615 
letopa, 612 
Ide^pkia, 611 
Idioeetua, 624 
Idiochelya, 593 
Idiophyaeter, 624 
IdioTophua, 624 
Iguana, 595 
Iguanavua, 595 
Iguania, 206,595-96 
Iguanodon, 248, 542, 600, 199 
Ilingoeeroa, 622 
Ilioauchua, 598 
Ilium, 135,306 
Ineacetua, 624 
Incisors, 281, 300 
Incus, 299 
Indarctoa, 616 
India 

Triassic of, 532, 533 

Cretaceous of, 533, 540 
Jndobatrachua, 591 
Indolophua, 619 
Indomeryx, 621 
Indoredunca, 622 
Indoaaurua, 599 
Indoauchua, 599 
Indraloria, 613 
Indratherium, 622 
Indricotherium, 619 
Indria, 613 
Indrodon, 612 
Inia, 490 
Iniidae, 624 
Iniomi, 108, 541, 584 
Iniopaia, 824 
Inoatrancena, 601 
Insectivora, 326-31, 644, 550, 
554, 555, 559, 611-12, 651 

primitive, 326-27 
Interatheriidae, 566, 618 
Jnteratherium, 618 
Intercentrum, 129, 130, 107, 
169-70 

Interclavicie, 1?5, 167, 304 

Interhippua, 618 

Intermedium, 138,137,168 

Interpterygoid vacuities, 133 

Intertemporal, 81, 118, 133, 166 

Inthodon, 623 

loacion, 586 

Iquiua, 582 

Iranoiherium, 619 

Irregidareaapia, 674 

Ischium, 136 

laehnacantkua, 574 

lachnolepia, 679 

lachyodua, 678 

lachypterw, 580 

laehyrhiaa, 677 

lachyrictia, 615 

laekyroeyon, 618 

Ischyromyidac, 497-99,560,626 

lachyromya. 498, 625, S73 

lachyrorhynchua, 624 

lachyroamilua, BIS 

Iachyrotomua,V2!B 

laeutatua, 823 

laiatiua, 577 

lamana, 584 

laoeetua, 624 

laodontoaatarua, 596 

Iaolobodon,m 

laomyopotamua, 626 

laoddon, 611 


laophidia, 561 
laoproedrium, 618 
Isospondyli. 104-6. 541, 540, 
581-83 

laoatytmya, 626 
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I$oUunia, S78 
liotmntu, 618 
luftrmomit, 603 
liotypothmum, 018 
htiodorcmyt, 625 
htitw, 681 
Inriektiiyt, 586 
/turui, 68, 540,576 .49 
Ithydontia, 626 
Ixacanthua, 624 
Ixobryehua, 604 
Ivnx,m 
/n(ttf.588 


Jabifu, 604 
Jaeana, 606 
Jawretinga, 598 
Jackals, 376 
Jacvlut, 627 
Jaekdatpis, 674 
Jagorina, 575 
Janatta, 526, 678 
Java apo-man, 356, 358 
JaTTS 

in amphibians, 134 
in birds, 261 

in fishes, 12-13,38-40,82,83 
in mammals, 263, 298-00 
in reptiles, 167 
JoforioiaurtM, 600 
Jtptmella, 613 
Jepunia^ 617 
Jerboa, 504 
Joggins, 516, 522 
John Day, 552, 562 
John Dory, 110 
Joleaudichthya, 588 
Jonkaria, 601, SSi 
Joaepholeidya, 617 
Jubbulpuria, 689 
Jugal. 81, 133, 260, 206 
Mia, 586 

Jumping mouse, 504 
Juneo, 610 
Jurassic, 533, 536-40 


Kaehuga, 683 
Kttdalioaawva, 584 
KadamoUcatar, 690 
KaUiatim, 593 
KaUdkibdHum, 593 
Kangaroo rat, 500/601 
Kangaroos. 321 \/ 
Kangnaaavrtu, 600 
Kcmiaamya, 9S7 

Kannmayma, 286, 534, 601, 
tii, m* tS3 
Kaiuubatemya, 626 
Koasasimys, 625 
Kanaiua, 685 
Karakarmya, 626 
Karaloatetia, 674 
Kmtoo, 525 
Karromya, 602 
Kasanian, 516 
Keirognathua^ 601 
Kdmodm, 623 
Kdbeim, 533, 537 
XarUriodm, 491, $67 

Kentruroaaurua, 252, 538, 600 
Keokuk, 516,521 
KapotuUa, 610 
KenUrpaton^ 524,681 
XsilrosaiirtM, 690 
KdvpttW'S 
Ksnper, 531,533 

Kilk«nny,616,622 

Kinunerktl!^ 538,538 
K{fidZsi4e,||f , 

Kingfiilwr, 272 
iQ2btg£378 
KinssOyiu^ 881 


irnt05(ta,582 
Koalemaaaurut, 592 
Koalemua, 611 
Kobikeryx, 622 
Kogia, 491, 624 
Kogiopaia, 624 
Koiloakioaaurua, 592 
Koiropotamua, 620 
Kolpochotrua, 620 
Kolmaaiirua, 696 
Koaktnonodon, 590 
Koilaaaia, 149, 527, 590, US 
Kounova, 516,522 
Kragliavithia, 623 
Kritoaaurm, 251, 600 
Kronoaaurua, 190, ^1, 595 
Kujidanovnaapia, 574 
Kungurian, 516 

Kupterschicfer, 516, 525, 526, 
528 

Kwrtodon, 610 


LabidoUmur, 613-14 
Labidoaatirua, 164,165,173.527, 
692, 130,131 
Labodua, 578 
hohrax, 585 
Labrodon, 586 
Labrosaurua, 599 
Labrua, 586 

labyrinthodont teeth. 118, 133 
Labyrinthoduntia, 142-55, 523- 
24, 526-27, 534, 537, 590- 
91,637-38 
Laccocepkalua, 590 
Laeeoaaurua, 590 
Lacerta, 596 

lacrimal, 81.133, 166, 296 
Laeviauchua, 599 
Lafkenia, 618 
Lagarodua, 578 
Lagidium, 626 
Lagomeryx, 621 

Lagomorpha, 505-7, 554, 556, 
560, 561, 563, 570, 571, 
627, 661 
Lagopaia, 627 
Lagopterua, 605 
Lagopua, 605 
Lagoatcmopna, 626 
Lagoatomua, 626 
hagurua, 627 
Lama, 621 
Lambdaconua, 818 
Lambdotkerium, 431, 619 
Lambeoaaunu, 251, 600, SOO 
Lamelaaaurua, 600 
Lamiaaaurua, 601 
Lamna, 68,576 
Lampanyctua, 584 
Lampreys, 23-25 
Lampria, 589 
LamproUthax, 624 
Lamproaavrua, 694 
Lanarkia, 34,515, 574 
Lance, 533,540, 544 
Laneaoaavrua, 586 
Land bridges, 512 
Landinian, 533 
Lantb^achua, 692 
Laniodm, 623 
Lantiis, 608 
Lanihanoauehua, 591 
Lanihanotkerium, 612 
LaaUaUa, 810 
La»pUryx,9\9 
Loenifs, 606 
XaosnunM, 600 
LaphyeHa,$1B 
Lapfaioaaurv$p898 
Laoertilia, 206^8,538,541, 542- 
«r 549 . 68 M 6 
l4ui,0O7 
Lii&e,271,007 
laiigaaurua, 594, J47 
Lantt,887 
L<ismitiis.M. 3(1,573 
Losiuni^ill 


laiaapia,Sf4 


Lateral-line organs, 16, 80,130 

Latea. 585 

Latilua, 586 

Latimaria, 122 

LatmerUdae, 689 

Latonia, 591 

Lattorfisn, 553 

Laugia, 588 

LauriUardia, 609 

Laytonia, 684 

Lacracanthua, 578 

Laedaichthya, 581 

Uggada, 627 

Lagnonotua, 581 

Leidymya, 627 

Laidyoauckua, 698 

Leiocephalikm, 592 

Leioderma, 689 

Laiodon, 596 

Letoaaurua, 695 

Laioateiu, 575 

Leithia, 626 

Lembonax, 694 

Lemmua, 627 

Lemur, 613 

Lemuridae, 343-44, 613 
Lemuroidca, 613 
Lemurs, 341-44 
Lenomya, 627 
Ijeontinia, 306, 562, 618 
Ijaontocephalua, 601 
Lept^lepia, 575 
Lepidocotlua, 688 
Leptdopierua, 579 
Lepidopua, 587 

liCpidusauria, 200-209, 595-97 
Lepidoairen, 123, 126 
Lepidosirenidae, 590 
Lepidoateua, 96. 07. 548, 580 
Lapidotea, 580 
Lapidotua, 97, 537. 580, 76 
Lapdanur, 613 
Lapiaoaeua, 580 
Lepmia, 685 

Lepospondyli, 141-42, 157-62, 
524, 626, 591-92, 638 
Loposimiidylous vertebrae, 129, 
157-58 

Lepracanthua, 578 
Leptactidon, 612 
Ijeptarctua, 615 
Jjaptaapia, 674 
Leptauchenia, 821 
Leptacodon, 582 
Ijapierpaton, 691 
Laphchthya, 582 
laptictidae, 330, 550, 612 
Laptictia, 612 
Laptoboa, 474, 622 
Ijeptoceratopa, 600 
Laptochoarua, 447, 620 
LaptoeUidua, 595 
Laptocyon, 616 
Laptogenichthya, 680 
LapMepia, 100,104,537, 581, 8S, 
84 

Leptomania, 623 
Lagomeryx, 463, 561, 621, 3S0, 
$51, $6$ 

Laptomifiua, 678 
L^tophoea, 816 
Laptophraetua, 690 
Lejdoptaaictu, 615 
Laptopterygim, 594 
Leptcptiloa, 604 
Leptaragdm, 621 
LapUrhynehua, 698 
L$ptorovhwi,fS/90 
Laptorrhampkua, 598 
Lajjtamvrua, 696 
Lej:^080(^iclae, 887 
Lsplosomia, 584 
Lt^doatau, 876 
LsjdMueAia, P7 
LeptothaHdium, 620 
UpMhariim, 620 
LgpMik,m 
htpt9tmm,BSA 
UpMbwkmutW 
UpMmhdua [BsaMkym^ 


Laptotragua, 622 
Laptoiragulua, 621 
Lepua, 506, 627 
Leaiodon, 623 
Leatojbia, 5M 
LeueitAthyopa, 682 
Lauciaeua, 583 
Leueocyon, 616 
Laucorurpaa, 608 
J^eucophoyx, 604 
Ijeueoaarcia, 607 
Leuroapondylua, 595 
Lias, 533, 536 
Ldbycoauehua, 221, 597 
Libya. 5M 
lAbythtrium, 621 
Licaphrium, 618 
Licapropa, 618 
Lichta, 6% 

Ligrtabrycon, 583 
Limbs 

in amphibians, 136-38 
in Archosauria, 211-13 
in birds, 258-59 
in mammids, 305-8 
in reptiles, 167-78, 170-71 
aee alao Fins 
Limieola, 606 
Limicolavia, 606, 607 
Limnatomia, 608 
Limnenetea, 621 
Limnoeryptea, 606 
Limnocyon, 368. 614 
Limnodromua, ^6 
Limnoaeua, 612 

Limnohyopa, 431, 619, $21, S2S 
LimnojAia, 596 
Limnopithecua, 614 
Limnoacelia, 164, 165, 166, 173, 
527, 592, 126,127,128 
Limoaa, 606 
Limoaama, 607 
Linaria, 610 
Lindkdmemya, 593 
Linton, 516,522 
Liodeamua, 581 
Liodontia, 625 
Idognathua, 575 
LUiithax, 624 
Uomya, 625 
Liornia, 606 
Liotmua, 610 
Lipotea, 490 
lAptomia, 603 
Liroacelea, 588 
lAapaeanthaa, 578 
lAaaemya, 594 
Liaaodua, 576 
lAaaoprim, 576 
Liatracanthua, 578 
Liatriodon, 564, 620 
LiUiMaa, 617 
LijAobairachua, 591 
lAthophapa, 607 
Litht^ia, 598 
Lithopo^ilua, 584 
lAthomia, 606 
lAtodontmya, 626 
UMaaiaa, 612,617 
lAUmydua, 617 

Litoptema, 401-3,554,558,561, 
565, 672, 817-18, 656 
Lifothmwn, 610 
Lisards, 204-8 
liama, 458,459 
Loaohsa, 107 
Lo6»pss,607 
LobiwnaUui 806 
LoeuMtaUa,W» 

Loh, 552,662 
LomapkariAiu, 623 
628 

Lmaphoru^iSSi 
Lememyi, 626 
Lmpoehiiga, 888 
Lemfloguta, 686 
Lmofwdaetaa, 898 


Imommuif 



INDEX 


*75 


Longirottromeryx, 621 
Loon, 268 
Lophar, 686 
LophiwUt, 619 
Lophiwpity 574, 619 
Lophiabunodon, 620 
Lcphiodoehoerus, 619 
Lophiodon, 435. 557, 619 
Lophiodontidae, 435, 563, 619 
Lophiohyu*, 620 
Ijophiomeryx, 621 
Lophiomit, 606 
Lophiottomut, 581 
Lophiotherium, 619 
Lophiui, 588 
Lophocetui, 624 
Lophoehoerw, 620 
Lophocodua, 618 
Lophocricetua, 627 
Lophodont, 302 
Lophopaittacua, 607 
hophortyx, 605 
Lophoateua, 674 
Ijophotea, 589 
Lox^uromya, B27 
Lophyodytea, 604 
Loricata, 478-81, 623 
Loricata (Crocodilia), 597 
Lorieoaauma, 600 
Loris, 344 
Lorisidae, 344, 613 
Lota, 687 
Lonim, 613 
LoxauUix, 610 
Loxia, 610 
LoxigiUa, 610 
Loxodonta, 415, 617 
Loxolithax, 624 
Loxolophua, 614 
Loxomma, 154, 523, 590 
Loxoniinidae, 523-24, 590 
Loxommoidca, 590 
Loxornia, 604 
Lwioperca, 585 
Ludian, 553 
Lu^ow, 514, 517 
hufangoaaurua, 599 
Litganoia, 580 
lAtisickthya, 581 
LiJtoaaaurua, 598 
Ijvdlula,m 
Lunar, 306 

Lvnaapia, 53. 510, 520, 675, S6 
Lungfish, 122-26 
Lungs, 84-85, 116 


Lujmaaxtrua, 600 
Luscinio, 609 
Luaor, 690 
Lutantua, 628 
Lutetian, 553 
Luiianua, 111, 585 
Luira, 375, 615 
LtUranut, 616 
LutreoUna, 611 
Lybipithacua, 614 
uyeaam, 615 
Lyeemodon, 601 
Vy^amodontoidea, 601 
IjyeaanognathM, 602 
Lyeamoidaa, 601 
Lyeaanopa, 801, MS, MB, M7 
l/ycaon, 377 
Lycttdopa, 602 
Lycidaopa, 602 
I^feoehampaa, 602 
Lyeogmtkua, 602 
Lympaia, 6t1 
Lyeoptira, IM, 581 
Lyeorkinua, 602 
l^/eoaavnu,80Z 
Lyeofue&us, 602, t$4 
Lffdakkarina, 890 
862 

Lyme Begis, 633, 636 
Lytutodon, 616 

Lynx»m 
Lyroei^tM, 690 
LymSrua* 81312 


Lyatroaaurua, 532, 534, 601 
LytoUma, 693 


M 


Macacua, 350, 814 
MaceUodua, 596 
Machaeracanthua, 674 
Machaerodoutinae, 371-72, 373 
MachaerogMthua. 576 
Maehaeroidea, 614 
Moehaeromeryx, 621 
Maehaeroproaopua, 217, 697, 179 
Machaeroaaurua, 696 
Maehairodua, 615 
Machxmoaaurua, 598 
Machlydothenum, 623 
Mackerel, 111 
Maeracara, 686 

Macrauchenia, 402, 403, 572, 
618, 306, 307 
Macrauchenidia, 618 
Macraucheniidac, 565, 569, 618 
Macrapiattua, 581 
Macrerpeton, 590 
Maeroaetkea, 580 
MacTocavta, 626 
Macrocepkaloaaurua, 596 
Macrochelya, 594 
Macrochtrifer, 624 
Macroclemya, 693 
Maeroenemua, 594 
Macrodelphinua, 624 
Macrodontacanthua, 578 
Macroeupkractua, 623 
Macrognalhimya, 627 
Maeromerion, 600 
Macromeaodon, 580 
Macromtroaaurua, 594 
Maeronea, 583 
Macronichthya, 583 
Macronoxdea, 583 
MacTopelobatea, 591 
Macropetalichthyida, 52 -53, 
510, 575, 632-33 
Macropetalichthya, 52, 53, 520, 
675, 35, 36 
Macrophatangia, 599 
Macroplata, 595 
MacroiKKlidae, 560, 611 
Macropoma, 121, 589, 90 
iiacropterygiua, 694 
Macropua, 321, 611 
Maerorhomboidaa, 589 
Macroaaunia, 696 
Macroacdeaaurua, 602 
Macroacdidea, 330, 612 
Macroscelidoidea, 612 
Macroacdoaaurua, 594 
Maorosemiidae, 100, 581 
Maeroaemiua, 537, 581 
Maeroaorex, 612 
Maeroatoma, 587 
Macrotaraiua, 613 
Maerotaraomya, 627 
Macrothmum, 564, 619 


Maerotua, 613 
Maerourua, 587 
Macruroaaurua, 599 
Madagascar, TViassio of, 532, 
633, 534 
Madariacua, 581 
Madtaoia, 596 
Maana,696 
MaaatncMian, 533 
Maynoaaurua, 599 
Magnum. 307 
Magyaroaatanu, 599 
Muns basin. 552,553.559.562 
Maioria, 827 
MtuaeoptQa,80B 
Malayamya, 583 
MaUeus, 269 
JIfaUotuSf 682 
Malm, 5^, 536 

MO 

dentition of. 299-303 
diaipu^o engmotecs of, 292- 

84 


limbs of, 305-8 
Mesozoic, 300, 311-16, 651 
placental, 324-507 
primitive, 309-23 
skeleton of, 294, 304-8 
skull of, 295-99 
Mammalodon, 624 
Mammocym, 615 
Mammonteua, 617 
Mammoths, 415-16 
Mammuthua, 415, 416, 617, Sll, 
Sit 

Man, 354-61 
structure of, 354-55 
cultural stages of, 355-56 
foMjil types of, 356-61 
Manatees, 418 
Manathenutn, 617 
Manatua, 418 
Mancalla, 607 
Manchunchthya, 581 
Manchurodon, 610 
Mandachuroaaurua, 600 
Mania, 484, 623 
Manitacha, 625 
Manlietta, 580 
Mannodon, 611 
Manta, 577 
Manteoceraa, 619 
Maragha, 552, 566 
Marckgrafia, 577 
Maraca, 604 
Margaritacanthua, 578 
Margaropa, 609 
Marmoaa, 611 
Marmot, 500 
Marmota, 500, 625 
Maroaia, 588 
Maradeniua, 574 
Maraland, 552, 562 
Marsupialia, 316-23, 544, 550, 
554, 555,558,559,561,565, 
671.572,611,651 
Maries, 615 
MartinUhthya, 582 
Martinogale, 615 
Maaaoapondylua, 599 
Maatocejihalua, 601 
Maatodon, 414, 565, 570, 617, 
313, 314, 315 
Mastodons, 411-14 
Maatodonaaurua, 155, 590 ,94 
Maatomya, 627 
Maatygocercxia, 583 
Matthomeryx, 621 
Mauicatua, 624 
Mauiaaurua, 595 
Maxeaonia, 540, 589 
Maxilla. 81, 118, 133, 297 
Maxachloaneria, 618 
Mazama, 621 
Masodua, 578 
Mason Cre^, 516, 522 
Meantes, 592 
Mediaapia, 674 
Medinian, 517 
Medioehoarua, 621 


Megacamelua, 621 
Megaceroidea, 621 
Magaceropa, 431, 619 
M^focaroa, 469, 621, 353, 356 
Megachiromyoidea, 613 
Megachiroptera, 333, 613 
Megachoarua, 620 
Magaerodon, 617 
Magaetanmya, 626 
Megactanopatalua, 578 
Magaeydopa, 601 
Uagaiama, 612 
Magahippua, 427, 619 
MagOadapia, 343, 613 
Magaiania, 596 
Uagaloptaryx, 603 
Ufagaliehihya, 120, 523, 688,, 5/. 

Ifag^iLtia, 375,616 
MagalinMa, 613 
IfagaMatraehua, 692 
liagalocapIMua, 128,154,190,97 


Megalohyrax, 406, 616 ,809 
Magaioiapia, 586 
Magalomya, 627 

MegaJonycbidae, 482-83,622-23 
MegaUmychotharium, 623 
Megalonyx, 483,484,571,822 
M^iedoplax, 575 
Magalopa, 581 
MegtUoptarua, 581 
Megaloaaurua, 236, 538, 699 
Megalotragua, 622 
Miialotriton, 692 
Megalovia, 622 
Megalurua, 581 
Magamya, 626 
Maganteraon, 615 
Meganthropva, 354 
Megapodiidae, 60S 
Megaptera, 624 
Megaptariaeua, 580 
Megaptema, 612 
Megapteropata, 624 
Megaquiacalua, 610 
Megaaaurua, 506 
Megatapirua, 618 
Megataraiua, 613 
Magatherictdua, 623 
Megatkaridium, 623 
Megatheriidae, 483-84, 822 
Megatkeriopa, 623 
Megatkarium, 483, 484, 571, 622 
Magatylopua, 621 
Meidiicktkya, 580 
Meidania, 181, 593 
Melanarpea, 608 
Mdanarpeton, 501 
Mdanitta, 604 
Mdanodon, 313, 610, 351 
Melanoroaaurua, 589 
Melanoaaurua, 696 
Meleagria, 60S 
Malea, 615 
MaUita, 682 
Mdethno, 582 
Melinodon, 602 
Meliaaiodon, 627 
MeUiwra, 615 
Melltvorodon, 615 
Melodon, 615 
Meloaawua, 590 
Meluraua, 616 
Memonomenoa, 591 
Menaapia, 526, 578 
MenataUigalor, 598 
Mane, 686, 87 
Menidia, 589 
Menilaua, 623 
Meninatkerium, 619 
ManiacoHaatia, 610 
Maniacomya, 625 
Meniacotkerium, 388, 551, 617, 
390 

Manocaraa, 619 
Manodua, 431, 619 
MaphUia, 375, 615 
Maphititaxua, 616 
Margua, 604 
Meridenaia, 680 
Marionea, 627 
Meriacodon, 620 
Merluccina, 687 
Marriafnia, 594 ,147 
Marriamocaroa, 622 
Maryceroa, 622 

Meryekippua, 428, 564, 619, 
819, 333 

Meryckyua, 457, 564, 621 
Maryeodioanu, 621, SM 
Uaryeodua, 471, 564. 622, 850, 
853 


yePidaa, 8X1 
I/eoidodon,457/621 
ycopatamua, 452, 463, 620 
icanthwk 674 

agriaehoenu, 621 

amynadan, 819 
atirkinifa, 8t8 
smirtmtsetis, 580 
snowtimt, 600 
tfitlinicdd* 297 

108-8,804^ 
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Menieia, 677 
Metobatia, 577 
Meaoeetua, 493, 624 
Mesockoerua, 620 
Meaoelupaa, 682 
Meaoentu, 623 
Aleaocricetua, 627 
Meaocyon, 615 
Meaodma, 610 
Meaodmodua, 576 
Meaodm, 580 
MeaogavlvLa, 625 
Meokippua, 402, 426, 560, 618, 

MeaoUpia, 579 
Meaolepioa, 596 
MeaolojAodua, 578 
Meaomeryx, 620 
Meaomya, 626 

MesouycUdae, 366, 550, 556, 
5.59, 614 

Meaonyx, 614, S7S, S76 
Meaophoyx, 604 

Meaopithecua, 351, 614, 270, 271 
Meaophtton, 490, 624 
Meaopoma, 579 
Mesopotamian, 552 
Meaopropithecua, 613 
Meaoreodon, 621 
Meaorhinua, 597 
Mcflosauria, 184-80, 528, 529, 
600 


Meaoaaurua, 184, 524, 600, U3, 

Mesosuchm, 220 22, 530, 543, 

597-98 

Meaoauchua, 595 
Meaolana, 616 
Meaoteraa, 624 
MeaoUierium, 618 
Mesozoic, 531-45 
MeatuTua, 580 
Metaecunopua, 619 
Mctacarpals, 136 
Metacerwcerua, 621 
Jdetacenndua, 621 
Metacheiromya. 477, 622, SoS 
Metackirua, 611 
Metachriacua, 614 
Metacodon, 612 
Metacone, 301 
Metaconid, 301 
Metaconule, 301 
Metacordylodon, 612 
Metahyrachyua, 619 
Metailurua. 373, 615, 276, S79 
Met8lophid,.302 

Metamynodon, 437,560, 619, 332 
Metancylomia, 603 
Metaphiomya, 625 
Metapterodm, 614 
Metapteryx, 603 
Metaretoa, 616 
Metarhinua, 619 
Metaachizotherium, 619 
Metasinopa, 614 
Metaaqiuuodon, 624 
Matatalmatherium, 619 
Metatarsals, 137 
MetatUan, 619 
Metaxytherium, 418, 617 
Metechinua, 612 
Mcterix, 612 
Meteutatua, 623 
Metopocetua, 624 
Metopoaaurua, 590 
Metopoioxtia, 623 
Metoreodon, 621 
Metridiochoerua, 620 
Matrioehomua, 611 
Metriorkynehua, 221, 538, 507 
Meyacuaurrm SOS 
Miaoidae. 369, 551, 556, 559, 
560,614-15, 6r>3 


Miaeia, 369,615 
Miccidotyrma, 610 
Mice, 505 
MiendtderiUa, 611 
Mieramphibi^ SM 
Mieraapia, 573 
Micnctodgn,90i 


Microbiotherium, 611 
Microbrachia, 159, 524, 592, m 
Microbrachiua, 575 
Mtcrdbunodon, 620 
Microcana, 626 
Microcentrum, 585 
Microcetua, 624 

Microchiroptera, 333-34,612-13 
Microchirus, 588 
Microchoerua, 613 
Microchenodon, 614 
Microcleidua,595,16S 
Microcleptea, 602 
Microenemua, 594 
Microenua, 623 
Microeoelia, 584 
Microconodon, 291, 602 
Microcoamodon, 610 
Micfocyprini, 108, 584 
Mxcrodon, 99, 537, 580, 70 
Mierogale, 611 
Microgomphodon, 602 
Microhelodon, 602 
Microleptosaurus, 594 
Microleatea, 602 
Micromelerpeion, 590 
Micromeryx, 621 
Mieronyeteria, 613 
Micropaiama, 606 
Mtcropholia, 590 
Micropodi, 608 
Micropodidae, 608 
Micropodiformes, 271, 608 
Mtcrojmaurua, 590 
Micropternodua, 611 
Mtcropterua, 585 
Microsauria, 159-00, 162. 521, 
591 92 

Mieroaelcnodon, 620 
MtcroaiUace, 607 
Microaorer, 612 
Mtcroaqualotlon, 624 
Mtcroatcas, 575 
Microaionyr, 620 
Microauchua, 598 
Mtcroava, 620 
Microayopa, 612 
Mtcrotaraividea, 613 
Microthdodon, 592 
Microtitan, 619 
Microiodon, 627 
Microtoacoptea, 627 
Microtragua, 622 
Microtribonyx, 606 
Mkrotua, 6^ 

Microzeuglodon, 624 
Migrations, 511-13 
Milleretta, 592 
Millertna, 592 
MiUerinoidaa, 592 
MUnea, 607 
MUvua, 605 
Mimociehla, 609 
Mmocyrm, 614 
Mimomya, 627 
Mimoaaurua, 696 
Mimva, 609 
Miniopterua, 613 
Miobatrachua, 157,524, 591, 94, 

119 

Miocene, 552, 562-65 
Mioeeppkua, 607 
Mioclamua, 388, 551, 617 
Miocnua, 623 
Mioeorax, 603, 609 
Miodelphia, 624 
Miafidiea, 606 
MiogaUvut, 605 
Mimerax, 605 

Miohippua, 426, 560, 564, 618, 
S19 

Miolabia, 620 
Miomaryx, 621 
Mimuatela, 615 
Mionictia, 616 
MiopAoiytea, 691 
Miopkaaianua, 60S 
Miophoea, 616 
Mtoptarckva, 68S 
Mioptaaua, 886 
MioraUua, 606 


Mioairen, 617 
Mioaula, 603 
Miotajtirua, 619 
Miolragoceroa, 622 
Miotylopua, 620 
Mioziphiua, 624 
Mirm, 627 

Mississippian, 516, .121-22 
Mixocetua, 624 
Mizoclaenua, 617 
Mirodectea, 331, 550, 612 
Mixodecticlue, .157, 612 
Mixodectoida, 612 
Mixohyrax, 616 
Mixoaaurua, 189,535, 594. 149 
Mtrtotherium, 620 
Mnemetoaaurua, 601 
MniotUta, 609 
Moas, 266 
Mochlodon, 600 
Mochlorhinua, 601 
Mochocidae, 583 
Moeripilhecua, 614 
Moeritherioidea, 617 
Moeritherium, 410,412,558,561, 
617, 309, 311 

Mokattam, 5.13, 555, 55$ 

Mola, 588 
Mulbulidae, 577 
Moles, 3.30 
Molgophia, 592 
Molidae, 112, 588 
Moloaatia, 613 
Mdybdichthya, 579 
Momotua, 608 
Monaapia, 574 
Mongolia, 5.‘13, 540, 544 
Mongoloaaurua, 599 
Mongoose, 370 
Monjuroaaurua, 696 
Moiikpys, 346-51 
South American, 347-48 
Old World, 349-51 
Mmocentria, 586 
Monorloniua, 254, 255, .142, 600, 
187, m, 204 
Monodon, 624 
Mondophodon, 618 
Monophyllua, 613 
Monosaviax, 625 
Monotherium, 616 
Monotremata, 310-11, 572, 610 
Monte Hermoso, 552, 566 
Monticda, 609 
MonttfringiUa, 610 
Montmartre, .553, 555 
Montaechobatrachua, 591 
Mookomya, 625 
Moonfish, 113 
Moose, 469 
Moray Firth, 517 
Mordax, 590 
Morenelaphua, 621 
Morenia, 626 
Morenocetua, 624 
Moreno-Mereeratia, 606 
Morenoaaurua, 595 
Mormoifpa, 613 
Mormoaaurua, 601 
Moropua, 432, 434, 564, 619, 
S20, 321, 323, 328, 329 
Moroaaurua, 699, 174 
Morphippua, 618 
Morphnua, W6 
iMorruon, 533, 537, 538 
Aforus, 603 

Mosaaauridae, 208, 541, 596 
Moaaaawua, Ml. 596 
Moachognathua, Ml 
Moachopa, 601, 246 
Moachorhinua, 602 
Moachcrhynckiu, 602 
Moaehoaaurua, 601 
Moachua, 408, 621 
MotaciUa,m 
MouiUaeithmum, 620 
Mount Lebanon, 533, 540 
Mrateda, 663 
Mwroikvrivm. 602 
MMSSS 

MucUoidea. 113, 681H» 


MuUerornia, 603 
Mullets, 113 

Multituterculata, 314-15, 539, 
544, .1.50, 5.54, 5.55, 5.10, 610 
Munizia, 618 
Muntiacua, 4G9, 621 
Muraena, 584 
Muraeneaox, 583 

Muraenoaaurua, 196, 595, 165 , 
167, 168 

Muridae, 505,560,563, 568,571, 
572, 626-27 

Muroidea, 504-5, 626 27 
Mua, .505, 627 
Muacardtnua, 626 
Muschelkalk, .531, .133 
Miwcovian, .116 
Muscular system, 17 
Musk deer, 46S 
Musk oxen, 472, 473 
Muajtena, 582 
Muatelarus, 615 

Mustelidac, .374 7.1, .160, .103, 
.167, .170, .171, 615, 6.14 
Muatela, .37.1, 613, 275, 282 
Muatelua, 6s, 577 
Musters, .15.3, .1.15, 558 
Mycctea, 614 
Myclmu, 604 
Mycteroaaurus, 600 
Mycteroauchua, 597 
Mi/ciophum, 584, *7 
Mycloavchus, 601 
Mygale, 612 
MygalemuTua, 602 
MygalcsuchuR, 602 
MyiacarUhua, 589 
Mylagaulidae, 560, 625 
Mylagaulua, 499, 625 
Myledaphua, 578 
Myliobaha, 70, 540, 577, 62, 63 
Mylodon, 4S4, 571, 622, 367, 
369, 360 

Mylodontidae, 484, 622 
Mylogaulodon, 625 
Mylohyua, 620, 342 
Mylomyrua, 6M 
Mylopharodon, 583 
Myloatoma, 49, 575 
Myobradypierygiua, 594 
Myocaalor, 503, 626 
Myocephalua, 592 
Myodea, 627 
Myohyrax, 616 
Mydeatea, 612 

Myomorpha, 504-5,557, 626-2/ 
Myopterygiua, 594 
Myonauroidea, 601 
Myoaaurua, 601 
Myoapalax, 627 
Myotalpa, 627 
Myotalpavua, 627 
Myotia, 613 
Myotragua, 622 
Myoxidae, 560, 626 
Myoxua, 505, 626 
Myriacmthua, 537, 678, 66 
Myriarekva, ^ 

Myridepia, 580 
Myvxpndia, 585 
Myrmecoboidea, 612 
Myrmecaphaga, 481, 622 
Myrua, 684 
Myaopa, 625 

Mystlcoti, 493-93,562, .56.5,568, 
624 

Myatipterua, 612 
Myatrioaaurua, 597 
Myatrioauehua, 217, 697, 180 
Mytaraa, 590 
Mytonolagua, 627 
Myxine, 23 ,14 

N 

Naiadochdya, 993 
Naja, 697 
Namaichthya, 980 
Naouarian, 516 
Nanietieephalw, 602 
Hianktidopa, ^ 



INDEX 


677 


Nanktosaurue, 602 
Nanktoauchw, 602 
Nannippug, 428, 619 
Nannocetun, 624 
Nannocricetm, 627 
Nannolithaz, 624 
NannoptenfQtwi, 594 
Nannoauchug, 697 
Nanoddphys, 611 
Nanopareia, 592 
Nanosaurua, 600 
Nanotragvlua, 621 
Naocephtd'ua, 596 
Ncumkhdua, 593 
Naosaurus, 600 
Napaeozapua, 626 
Napodmtctia, 611 
Narcine, 578 
Narcopterus, 578 
Naren, 86, 115-16 
NarralKieu, 532, 533 
Nasal, 81, 117, 133, 2{)G 
Naaua, 616 
NaiaJua, 613 
Natnx, 697 
Nauttlorma, 607 
Navajoauchua, 598 
Navajamua, 613 
Neaiidcrtbal man, 350, 366 
Nerraatur, 605 
Necrobyaa, 607 
NecT<\gyinnarua, 612 
Necrolemur, 346, 613 
Necrdeaiea, 611 
Necramanha, 612 
Necromya, 627 
Necropaar, 609 
Necropaittacua, 607 
Nccrorms, 607 
Necroaorei, 614 
Necroauchua, 598 
Nectnporiheua, 596 
NecUmurua, 695 
Nectridia, 158 50, 524, 591 
Necvdua, M3 
Needlefiflbes, 108 
Nekrolagua, 627 
Nemacanihue, 576 
Nemachxlua, 583 
Nematherium, 623 
Nematonotua, 584 
Nematoptychiua, 579, 64 
Nemichthya, 584 
Nemopteryx, 587 
Netnorkaedua, 622 
Neobythitea, 587 
Neocavia, 626 
Neochoerua, 626 
Noocomian, 533, 540 
Neocricetodon, 627 
Neoctenodon, 610 
Neocybium, 586 
Neoepkilema, 626 
Neojiber, 627 
Neogaeornia, 602 
Neognathae, 267-72, 603-10 
Ncogaathoiis, 260 
Neogyva, 605 
Neohalecopaia, 582 
Neohapalopa, 623 
Neohippanon, 428, 619 
Naohippua, 619 
Naoliotomua, 610 
Nedycoptera, 581 
Nemorphua, 607 
Naomylodon, 623 
Naomya, 612 
Neonaatra, 627 
Naonematherium, 623 
Naoparckt 887 
Naophanomya, 626 
Neophron, MS 
Naojdironlopa, 606 
Naoplagiatuax, 610 
Naoprocavia, M6 
Naopropithaeua, 613 
Naoracanihua, 623 

Nawhmb^a, 681 
Neoraithw, 263-72.602-10 


"Ncoaaurua,” 599 
Neoaaurua, 600 
Neoaciuromya, 626 
Neoai/ualodun, 624 
Neotamandua, 623 
Neotherium, 616 
N eothoracophorua, 623 
Neoioma, 627 
Neotragocerua, 622 
Nephothenum, 623 
Nephrotus, 580 
Neptunochdya, 593 
Nerterogeomya, 625 
Nerves, cranial, 15,297-98 
Nervons system of vertebrates, 
14-15 

Neaidea, 589 

Neaodon, 395, 565, 618, m, 209, 
SOO 


Neaoenaa, 607 
Neaohippua, 618 
Neaokerodan, 625 
Neaokia, 627 
Neaolmnaa, 606 
Neadutra, 615 
Neaophontea, 612 
Neaopithecua, 613 
Neaoiragua, 622 
Neaoirochis, 606 
Neaaarioaloma, 575 
Neator, 607 
Neatontherium, 619 
Neitajma, 604 
Nettaatoma, 583 
Neural arches 
in amphibians, 130-31 
in dshus, 11, 83 
Neuryurua, 623 
NeualtcoaauTUs, 595 
Newiioaaurua, M7 
Nevada, Triaseic of, 532, 533 
New Mexico, Permian of, 516, 
524 


Newark, 632, 533 
Newsham, 516, 522 
Newtonella, 601 
Newts, 160 
Niagaran, 518 
Niederhusslich, 516, 525 
Nigerium, 583 
Nimravua, 563, 615 
Niobrara, 533, 540, 541 
Niolamia, 693 
Niphon, 585 
Nipponoaaurua, 600 
Nitoaaurua, 600 
Nocheleaaurua, 592 
Nodacanthua, 574 
Nodoaawwi, 253, 600, 203 
Nomeidac, 586 
NopMkikua, 823 
Norian, 533 

Normandy, Jurassic of, 533, 536 
North American deposits 
Paleozoic, 515, 516, 517. 518, 
521, 522, 524, 525 
Mesozoic, 532, 533, 537, 540, 
542 


Cenozoic, 647, 549-54, 555, 
557, 569, 560-61, 662, 566, 
667, 568, 570, 571 
Norway, Silurian of, 514, 517 
Noaklepia, 574 
Nostrils, 86 
Notacanthidae, 584 
Notadvrodon, 602 
Notadwopa, 602 
Notagogw, 581 
Notdopa, Ml 
Notaoaaurxu, 600 
Noteoauehua, 895 
Notharettu, 342, 343, 555, 613, 


248, 266, 267, 268 
^oihoboa, 622 
^othocyon, 618 
rolAodwtes, 613 

rnthnaRuria. 536. 894- 


96 


Nothoaauru$,.ld6 ,594 
Nothropua, 623> 


Nothrotherium, 483, 484, 571, 
622, 360, 362 
Nothura, 603 
Nothydrochoerua, 626 
Noiictu, 611 
Notictoaaurua, 602 
Notidanoidea, 576 
Nohdanaa, 66, 576 
Nottocetua, 624 
Notiomaatodon, 617 
Notioprogojiia, 303-94, 558, 618 
Notioiiiano'pa, 619 
Notocamian, 598 
Notoeeratopa, 600 
Notochampaa, 597 
Notochdone, 694 
Notochoerua, 620 
Notochord, 8, 83 
Notoeynua, 611 
Notodtaphorua, 618 
Notogale, 611 
Noiogoneua, 583 
NotoWppidae, 566, 618 
Nolohippua, 397, 618 
Notolagua, 627 
Notomorpha, 693 
Notopetaiichthya, 575 
Notopithecua, 618 
Notoprot(jgonia, 617 
Notopterua, 582 
Notornia, 606 
Notoaollasia, 602 
Notoalylopa, 394, 558, 618, 298 
Notoauchua, 221, 597 
Nototherium, 611 
Notoungulata, 393-400, 554, 
555-56, 558, 561-62, 565, 
569, 572, 618, 055-56 
Notropia, 583 
Nuetfraga, 609 
Nucraa, 696 
Numeniua, 606 
Nummuloaaurua, 591 
NuUietea, 599 
Nyctanaaaa, 604 
Nyclm, 608 
Nycterautea, 616 
Nyclerobtua, 613 
Nyctfroleter, 592 
Nycttbiua, 608 
Nycttcorax, 604 
Nyctidromua, 608 
Nyctmomua, 613 ,262 
Nyctiphruretua, M2 
Nyctipithecua, 347 
Nyctitherium, 330, 612 
Nyctodactylua, 598 
Nyetoaaurua, 543, 598 
Nyrania, 590 
N^^faiiy, 616, 522 
Nyroea, 604 
Nyaaodim, 611 
Nythoaaurua, 602 


O 


Ocadio, 593 
Ochotona, 506, 627 
Ochotouidac, 560, 627 
Ochotonoidea, 627 
Octacodon, 620 
Octocynodon, 602 
Octodon, 503 
Ockdontidae, 503, 626 
Oeiodontotkerium, 623 
Octogomphua, 602 
OcUmylodon, 623 
Ocydromiu, 606 
Oeyplanua, 607 
Oeyaiiaa, 686 
Odaxoaavrua, 596 
Odobanus, 380, 616 
OdocoUeua, 469,621 
Odontaapia, 68,876 
Odontaua, 586 

Odontooeti, 489-02, 662, 665, 


Odootognat^e, 263, 602 
Odontomyaopa, 611 
Odontoptwyges, 603 
Odon^aryx, 269,603 


Odonturhynchua, 598 
Oaddxihax, 624 
Oeonoscopus, 581 
Oesel, 515 
Oeadaapia, 573 
Oestocephalw, 591 
Oeatophorva, 578 
OgaUalabatrachua, 592 
Ogmodxrua, 595 
Ogmodontomya, 627 
Ogomophia, M7 
Ohiolepia, 576 
Oidemia, 604 
Oil bird, 271 
Oioceraa, 622 
Okapi, 470 

Oldfiddthomaaia, 618, SOO 
Old Red sandstone, 515, 517, 
518, 519, 521 
Olenopaia, 626 
Obgobiotherium, 611 
Ohgobunia, 615 
Oligoceno, 553, 569-62 
Oligochdone, 594 
(Htgoeorax, 603 
Oligodontoaaurua, 596 
OUgokyphm, 602 
Oligoj^rchua, 585 
Oligopleuridae, 100, 581 
Obgopleurus, 581 
Ohgoaemia, M2 
Olonbulukia, 622 
Olaenia, 614 
Omegodua, 625 
Omeiaaurxia, 699 
Omiodon, 534 
Ommatolampea, 587 
Omomya, 613, 24i 
Omorhamphua, 606 
Omoaaurua, 600 
Omoaoma, 585 
Omphaloanurua, 189, 694 
Onchiodon, 590 
Onychodcctea, 335, 613, 265 
Onchoaaurua, 677 
Dnehua, 574 
Oncobatia, 577 
Oncolepxa, 587 
Oncnrhynchua, 582 
Ondatra, 627 
Onobroamiua, 587 
Onohippidium, 429, 619 
Ontocetua, 624 
Onychodua, 45, 574 
Onychomya, 627 
Onychopriatia, 577 
Oddectea, 614 
Oolites, 533,, 536 
Opaoaawua, 694 

Operculum, 38, 42, 45, 59, 82, 
118 


Opetioaaurxia, 596 
OiJxiacodoTx, 275, 527, 600, 215, 
222, 225, 228, 227 
Ophiacodoutia, 600 
Ophxchthya, 584 

Ophxderpeton, 168, 524, 691, 120 
Ophidia, 208-9,543,549,698-97 
OpAxdium, 587 
OpAiocaphaJua, 588 
Ophiodeirua, 694 
Oj^iopaia, 581, 80 
Ophiaaurxu, 596 
Ophiathiaa, 595 

Ophtkalnxoaaurxia, 694, 146, 147, 
148 

Opisthocoela, 591 
Opiathocomua, 269 
Opiathoetenodon, 601 
Opiathodaetylxjta, 606 
Opisthomi, 113, SSO 
Opiathomyaon, 589 
Opiathonema, 582 
OpisthoiH'octoidea, 682 
O^^atkopaalia, 614 
Opiathoptaryx, 584 
C)pi8thotic, 83, 134,167 
Opossums, 319 
Opaiceroa, 619 
Opadgonwa, 581 
OneanthxM, 678 
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VERTEBRATE PALEONTOLOGY 


Orangiathtrium, 822 
Oranfpitan, 352-53 

OratiWf 621 
Orbitosphenoid, 296 
OrcQ, 

Oreinua, 624 
Ordovician, 514 
Ordovician vertebrates, 25 
Oreamnos, 473, 570, 6K 
Oreo8.622 
Oreetokbiu, 576 
Orainotherium^ 619 
Ordlan, 553 ^ 

Orsodon, 457,559,561,621, SS7, 
S4S, SiS 

Oreodonti^e, 455-17, 558, 561, 
564,567,569,621 
Oreodcntoidet, 621 
Oraolaeua, 627 
Oreonetet, 621 
Ortopdeia, 607 
Oreopiihecua, 614 
Oraortyx, 605 
Oraoae<mle$, 609 
Orieardinua, 581 
Orinoaaunu, 599 
Oridua, 609 
Orkney, 517 

Ornithischia, 245-55, 536, 53S, 
542, 599-600 
Ornithoeaphalua, 598 
OmilAocAMriM, 598 
Omithodaamua, 598 
Omitholeataa, 231, 234,538. 598, 
188,199 

Omithmimoidaa, 599 
Omithomimua, 235,599 
Onithopoda, 245-53, 538, 599- 
600,644 

Omitkorhynehua, 310, 569, 610, 

m,m 

Omithoatoma, 698 
Omithoauektu, 214, 231, 536. 
597,176 

Orodtu, 65, 73,576, 48 
Orohipptu, 426, 557, 618 
Oromaryx, 621 
Orophicaphaiua, 601 
Orophodon, 622 
OrUUia, 605 
Orihucanthua, 578 
OrlAoeediM, 576 
Ordmpidoihanum, 617 
Orthaapia, 574 
Orthoetmtua, 606 
Orthoccrmw, 581 
Otthoeoata, 692 
Orthodohpa, 611 
Ortbogenesu, 4 
OrthoganyafUMua, 698 
(yrthofymioaaurua, 599 
^thomerua, 600 
Orthmyetera, 626 
Orihophyia, 592 
Orthojpl^odua, 678 
Orthopriatia, 686 
Orthojdarjfx.eOS 
Orthapua, 601 
Orthomurua, 154,590 ,97 
OrUMAanum, 623 
Orthurua, 681 
Orthutaatua, 623 
Oryeteroeetua, 624 
Otyeteropua, 485, 617, 884 
Or^Moffua, 506,627 
Oryx, 622 
Oryaamya, 627 
Omomoearoa, 622 
Oamartddaa, 581 
Oaxurua, 582 
Oamotheritm, 615 
OnilltfviMmtM, 588 
Oapia,96,6m 

OBtaMM, 107-8, 541. 649. 

Ortdelitlnm, 76-126. 519-20, 
681,m879-90 
aaoM^ of, 66 


Oateoglossidae, 682 
Oeteo^osBoidea, 106, 582 
Osteolepidoti, 689 
Oatedejria, 115, 116, 117, 119, 
120, 122, 510, 589, 6$, 88 
Oateophorua, 590 
Oateoplaitrua, 5M 
Oateopygia, 593 
Oataorkachia, 581 
Osteostraci, 26-29, 515, 518, 
519, 573 
Oatodolepia, 592 
Oatraciidae. 112, 588 
Oslracion, 588 

Ostracodcrius, 25-37, 514, 515, 
518, 519, 320, 522 
Ostrich diuosaurs, 235-36 
Ostriches, 265 
Otorta, 616 
Otariidae, 380, 616 
Othnidmarahia, 618 
Otic elements, 83, 167, 297 
Otic notch. 133, 138, 165-66 
Otides, 606 
Otis. 606 
Otoeorya, 609 
Otocratta, 590 
Oioeym, 377 
Otodua, 576, 49 
Otolithua, 586 
Otomitla, 581 
Otomya, 627 
Otoapermophilua, 626 
Ototriton, 696 
Otronia, 618 
Otters. 375 
Otter shrew, 328 
Otua, 608 
Oudanodon, 601 
Oviboa, 473, 570, 622 
Oviraptor, 599 
Ovia, 473, 570, 622 
Owenatta, 592 
Oweniaauchut, 597 
Owl. 271 
Oxacron, 620 
Oxford CUy. 533. 536 
Oxyacodtm, 617 

Oxyaena, 367, 551, 614, 875, 

876, 878 

Qxyaenidae, 367, 555, 556, 559, 

614 

Oxyaanodon, 614 
Oxyclaenua, 364, 614 
Oxydactylua, 459,564,621 ,847 
Oxyackua, 606 
0xygnatkw,679 
Oxymyetanu, 627 
Oxynotua, 677 
Oxyodon, 600 
Oxyodonthariim, 618 
Oxyoateua, 576 
Oxypriatia, 677 
Oxyrhina, 68,676 
OxyUmodon, 617 
Oaoiocaroa, 621 
Oxymandiaa, 686 


0$ieoborP9t 8itj ■ 

OatwefttlBt, 888 


Paea,503 

Paehyaeanthua, 624 
PachjfitfM, 614 
Poefttf&totAmum, 611 
PachycatM>aawut, 600 
Pachyedva, 624 
Paekyeortnua, 100, 537, 581 
Paehyeynodon, 615 
Pach^ptea, 603 
PaehygaatarfW 
Pad^8joaatta,6lZ2 
Paukygmdua, 602 
Poeh^penta, 601 
PodiiuonosaartM, 684 
Poeh^hynx, 616 
Padivli2)io«,884 
Paeh^dva, 678 
PeelSiSMua,6n 
Paehv»pku,64Ajm 
PaeklwsisiM, 876 
Poekt^ltvmatirtii, 898 


Pachyportax, 622 
Paehypteryx, 603 
Pachyrhinoa, 601 
Paehyrhtzodua, 581 
Paehyrhynehua, 593 
Paehyrukhoa, 398. 565. 618 
Pachyaavrua, 599 
Pachyatroplieua, 595 
Pachytegoa, 601 
Pachythriaaopa, 581 
Pachyhtan, 619 
Packytragua, 622 
Paehyzaediua, 623 
Paddlefish, 93 
Paedotharium, 618 
Pagdlua, 585 
Patgrua, 686 
Paguma, 615 
Paidopithex, 614 
Palaerodon, 595 
Palaeaeanthaapia, 574 
Palaeagama, 595 
Palaeanodm, 534, 622 
Palaeanodouta, 477-78, 622 
Palaeanihropua, 614 
Palaaareytomya, 625 
Palaearctonyx, 614 
Pdaeaapia, 31, 574 
Palaeehthon, 613 
Pdaedaphua, 589 
Palaeepanortkva, 611 
Palaeeudyptea, 603 
Pdaegit^lua, 609 
PotoeAopiopftorus, 623 
Pdael^ua, 604 
Palaeoalectona, 605 
Palaaoapteryodytea, 603 
PalaeobiUaem, 624 
Palaaobdtatum, 580 
Palaeobatea, 576 
Palaacbatrachua, 591 
Palaeoboa, 596 
Palaaoborua, 605 
Pcdaaocardia, 626 
Palaeocaator, 500, 563, 625, 378 
Palaaocavia, 628 
Palaeocentrctua, 586 
Palaaocatua, 624 
Palaeochamadao, 191, 594 
Palaeochelya, 693 
Palaeochentndea. 803 
Palaaochiropteryx, 613, 80S 
Palaeochoerua, 564, 6^ 
Pahaochromia, 586 
Pdaaoeieonia, 604 
Palaaocircua, 605 
Palaeocorax, 609 
Palaeoerex, 606 
Palaaoeryptonyx, 605 
Palaaoetodon, 6K 
Palaeodaedicwrua, 623 
Palaeodonta, 446-47, 620,657 
Pdaaoelaphe, 597 
Palaeoericaeaua, 612 
Palaeogadua, 587 
PaUuDoalB*. 61B 

PGl^^thae, 265-67. 602-3 
PalaeognathouB, 260 
Pclaeogrua, 605 
Pdaeogypa, 604 

Palcaogyrinva, 128, 131, 146, 
691, dd 

Pdaaohaltma, 600 
Palaaohiarax, 606 
PakudaguM, 506, 627, 877 
Paiaadeaiea, 605,612 
PcdaadimiMa, 606 
Palaadoxodm, 817 
Pdaadtieua, W? 
PalaagmSodon, 412, 414, 561, 
917 .814 

Pataamaduaa, 593 
PalaMmerwidae, 467-68, 564, 
567, m, 669 

Padaaomaryx, 468, 564, 621 
Paiaaomylva, 875 
PabiamiiriMim,8S8 
Palmmya,m 
Palaaemja, 687 
Pa&MMiwiti.367,614 
PflloseiiMeMmolM, 579 


Palaeoniscoidea, 89-92, 619, 
523, 526. 534, 537, 541, 579 
Palaaoniaeua, 86, 90, 579 .87 
Palaeonyctaria, 612 
PalawOdocoUaua, 621 
Polaaopelargua, 604 
Paiaeo^tia, 623 
Palaeoperdix, 605 
Palaaopataurua, 611 
Pdaaophaaianua, 605 
Pdaeophichthya, 679 
Pdaeophtppiorhynchxta, 604 
Pdaeophia, 209, 596 
Pdaaophoca, 816 
Pdemphocaena, 624 
Pdaeophyllophora, 613 
Pdaeopicua, 606 
Pdaeopiihecua, 614 
Pdaeoprionodon, 615 
Pdaeoplancua, 605 
Pdaeoplatycerua, 621 
F^daeoplauradaUa, 592 
Pdaaopropxthecua, 613 
Pdaeoproieua, 592 
Pdaeopython, 597 
Pdaeordlua, 606 
Pdaeoramidea, 606 
Pdaaoreaa, 622 
Palatiorhinua, 597 
Pakmrhynckua, 586 ,86 
Pdaeorlyx, 605 
Pdaeorycteropua, 617 
Pdaeoryctea, 32S, 611 ,859 
Palaaoryx, 622 
Pdaeoaaniwa, 696 
Pdaeoaaurua, 599 
Palaeoacaptor, 612 
Pdaeoactncua, 233, 600 
Pdaeoaeomber, 566 
PdaeoacyUium, 67, 676 
Pdaeoaitnia, 614 
Pdaeoainopa, 612 
Pdaeoapkeniacua, 603 
Pdaeoapinax, 676 
Pdaeoapiza, 609 
Palaeospondyloidea, 57-59, 576 
Pdaaoapondyliu, 57-59, 519, 
575, 633, 45 
Pdaaoatruthua, 610 
Pdaaoatylopa, 394, 554, 365, 618 
Pdaaoayopa, 431, 619, 880 
Pdaaotapirua, 619 
Pakuotatrix, M5 
Pdaeothtniea, 611 
Pdaeothenum, 430, 557, 560, 
819 ,887 
Pdaaotia, 606 
Pdaaotragiacua, 622 
Pdaadragna, 469, 564, 821 
Pdaaotringa, 606 
Pdaeovaranua, 696 
Pdaaotidnua, 624 


Palcatua, 605 

Palatine, 82, 118, 133, 166, 260, 
297 

Palatoquadrate, 12 
Pdenoehtha, 613 
Paleoeeue, 549-51,55^54 
Palaodupea, 682 
Pdaoeycn, 618 
Paltdama, 621 
Palaoauckua, 698 
Paleosoie verte^tei, 513-30 
Paleryx, 698 
Pahuryeteria,818 
Pdiguana, 585 
PoltiMpksiRM, 584 
PttHmpfm,m 
PdUimnarchtu, 508 
Pahplotharium, 819 
Pa^eiutaa, 811 
Paluatrimw, 827 
Puapaa,552,668,571 
P«i,353 
Panda, 878 
Pandicn, 805 


Pangolitti, 484-86 
PaiiJi09M<i«.81S 

Pandch»m»mmm 
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Paru>iilo$auruif 600 
Fanotherivm^ 622 
Panteloaaunu, 600 
Panthera, 615 
PanthUopt, 622 
Pantodonta, 616 
Pantolambda, 389. 551, 616, BOg, 
t9S, £94 

Pantolambodon, 616 
Pantdutet, 330, 612 
Pantolestidae, 650, 612 
Pantoieetoidea, 612 
PantojAolia^ 582 
PantoaauTM, 595 
Pantotheria, 313-14, 539, 610 
Paniylutt, 592 
Papio, 350, 614 
PappichthyB, 581 
Pappoeetut, 623 
Pappoaaurut, 591 
Parabdaitea, 611 
PanMaatomeryx, 467, 621, SSO, 
m, S54 
Paraboa, 622 
Paraboadaphua, 622 
Parabrachyodua, 620 
Parabradyaaurwi, 692 
Parabrontopa, 619 
Parabvbalia, 622 
Parabuieo, 605 
Paracalamua, 586 
Paraeatndua, 621 
Paraceraa, 621 
Paraceratherium, 619 
Paraeervulua, 621 
Parachoeomya, 625 
Paraehanoa, 682 
Paraehdya, 593 
ParaeochUiua, 618 
Paracoelodua, 618 
Paraeolodon, 619 
Pftracoiud, 301 
Paracorca, 603 
Paraericetodon, 626 
Paraencetvlua, 627 
Paractiornia, 606 
Paracynodon, 615 
Paracynokyaenodon, 614 
Paraeynoauchua, 601 


Paradavhoenua, 615 
Parauiddphya, 611 
Paradiidaumo, 625 
Paradoxodon, 614 
Paradoxonycteria, 613 
Paradoxunu, 615 
Paraeurynotua, 579 
Parafundulua, 564 
Parayalia, 611 
Paroffdoeiu, 621 
Paraglyphanodan, 596 
Paraglyptodon, 623 
Pora0rtM,6O5 
Parahavalopa, 623 
PandMieoprion, 576 
Parahippua, 428. 564, 619, S£t 
Pwrohoamya, 627 
Paraheplojdwna, 623 
Parahyaenodon, 611 
PoroAytM, 620 
Parailunu, 616 
Pardactaga, 626 
Pardbvia, 581 
ParaUpUutua, 580 
Pofol^, 68^ 
ParaMieueii«,S8S 
PwaUchduM, 583 
Pttraliehthy»,99d 

Pwralxitnt 615 
ParamaekMrodiu, 615 
Paxamacraiichtniaj^J 
pwambigptmu, 5W 

ParoiM0aMmufiij82S 

PwamMmhpia, 579 
ParumiatuftfW 
PormioMroa, 822 
PofornyhAd^m 


Paramya, 498, 502, 554, 555. 

625, S7t, S74, S76 
Paranauehenia, 618 
ParanguiUa, 584 
Paranogmtua, 582 
Paranthoaaurrta, 594 
Paranthropua, 614 
Paranyroca, 604 
ParaorliXt 805 
ParaortygonutTa, 606 
Parapalaeobatea, 576 
Parapapio, 614 
ParajKiva, 606 
Parapedetea, 625 
Parapdtocodua, 623 
Paraperea, 588 
Parapkiomya, 625 
Paraphyliophora, 613 
Parapithecua, 349, 561, 614, 

£87, £70 

ParapltuMdua, 595 
Parapleaiabatia, 574 
Parapodemua, 627 
Paraprionoaaurua, 596 
Parapriaiopoma, 585 
Paraprotoryx, 622 
Parapaicepkalua, 598 
Paraptenodytes, 603 
Paraptytodua, 575 
Parapygaeua, 585, 587 
PararaUua, 606 
Parco'ctothmum, 616 
Pararkiaomya, 627 
Paraaamwa, 596 
Paraaaurolophua, 251, 600 
Paraaauromalua, 595 
Paraaaurua, 592 
Paraacalopa, 612 
Paraacaniornia, 604 
Paraacopdua, 584 
Paraaenuouotidac, 95, 100. 580 
Paraaemionotun, 95, 580 
Paraaorax, 612 
Paraapheniacua, 603 
Paraaphenoid. 81, 118,133,260 
Paraaqvalodon, 624 
Paraateiromya, 626 
Paraatrajwt^rium, 616 
Paraauohia, 597 
Paratapirua, 619 
Parataxidea, 615 
Parathrinaxodon, 602 
Paratetoniua, 613 
Paratoceraa, 621 
Paratrigonodon, 618 
Paratrogon, 608 
Paratylopua, 620 
Pardoavchua 602 
Paractypodua, 610 
Parwasauridae, 174, 527, 692 
Paraiaaaurua, 592 
Paraiaauehua, 592 
Pardephaa, 617 
Paraqwda, 588 
Pareumya, 625 
Parautatua, 623 
Paraxua, 44, 519, 574, £6 
Parhalmarhiphua, 611 
Parictia, 618 
ParietoM, 812 
Parietal. 81. 117, 133, 296 
PanaMmaena, 624 
ParioticAiw, 892 
Parioxya, 590 
PartMefobpAiw, 619 
Parkaoaaurua, 898 
Parmvlariaa, 622 
Paroooipitd; aae Oplathotic 
Paroenua, 823 
Paroditnya, 628 
ParoligoSuni^ 818 
Paretnomya, 813 
ParonyehodimjjnO 
Pareraodon, 621 
Parotoaattruf, 800 
Porairoeren, 620 
Paraxyaana, 614 
Paroeyefawnti*, 814 
ParrinyUmia, w 
FUrr^ 871 

rw<fMw.»u 


Partanoaaurua, 594 
Partridge, 269 
Parurmiatherium, 622 
Parmiciua, 612 
Passage l)eds, 514 
Paaarr, 609 
Paaaerdla, 610 
Passeros, 272, 609-10 
Passeriformes, 272, 608-10 
Paator, M9 

Patagonia, 533, 552, 553, 555, 
559,562, 565,566 
Cretaceous of, 533,540 
Patagonian, 552 
Patanemya, 593 
Patme, 611 
Pateroperea, 586 
Palriocatua, 493, 624 
Pattiofdta, 367, 614 
Pavlogervaiaia, 617 
Paurodon, 610 
Paurodontidae, 313, 610 
Pawnee Creek. 552, 562 
Peafowl, 269 
Pacarichoerua, 620 
Peccaries, 450-51 
Pecora, 453, 460-74, 557, 560, 
564, 621-22,659 
Pectinator, 626 
Pedetea, 501, 625 
Pedelicoaaurua, 567 
Pediculati, 113, 588 
Pediocetea, 605 
Padiohyua, 620 
Pediolagua, 627 
Pedtomeryx, 621 
I'adiomya, 611 
Peking man, 356-58 
Pelagornta, 603 
Pdagoaauriia, 597 
Pdamya, 586 
Pdanomodon, 601 
Pdargodea, 604 
PaUxrgorhynchua, 584 
Pelecani, 603 
Pdecanua, 603 
Pdecopterua, 581 
Pdecyodon, 623 
Pdacywnia, 606 
P^can, 26$ 

Pdicaniformes, 268-69, 603 
Pdichihya, 580 
Pdicopna, 610 
Pdictoauchua, 602 
Pdion, 590 
Pdobatea, 591 
Pdobatochdya, 593 
Pelodytidae, 591 
Pelmaduaa, 593 
Pdonax, 620 
Pdoneiutea, 538, 595 
P^j^ilua, 591 
Pdoriadapia, 613 
Pdorocerua, 622 
Pehrocyelopa, 601 
Paloroaaurva, 599 
Pdorovia, 622 
Ptioauchua, 601 
Pdtecodua, 623 
PdtaphUua, 479. 623 
Pdtoehdya, 5M 
PdtfypUuna, 580 
Pdtoaawrua, 596 
Pdtoataga, 590 
Pdycictia, 615 
Pdyeodua, 613 
Pdyearhamphva, 624 
Pdycorapia, S82 

Pelycosauria. 274-78, 524, 527, 
600.646 
Penguin, 268 

Peonaylvanian, 516, 521, 522 
PentoeemtifItM, 620 
Pantacaratopa, 600 
Pantacodon, 612 
Pmtaeoamodon, 810 
Pantagotulapia, 675 
Pantaatifiomva,92li 
Pmthaaiaa,90k 
Patadandia,tM 
P$pMdiM»9n 


Paraceraa, 618 
Peradactea, 611 
Peraiocynodon, 610 
Peraleatea, 610 
Peramdea, 321, 611 
Paramya, 611 
Peraapalax, 610 
Perathareulea, 611 
Paratherium, 555, 611 
Peraulacodua, 626 
Perazoyphium, 611 
Perea, 111, 585 
Parealatea, 585 
Perch, 111 
Perching birds, 272 
Parchoerua, 450, 620, SS8 
Parcichthya, 585 
Percilia, 685 
Percoidea, 111, 585-86 
Perdix, 605 
Perhippidion, 618 
Pariconodon, 613 
Pericyon, 615 
Paridomya, 625 
Perimia, 822 
Parimya, 626 
Periotic, 297 
Paripantoatylopa, 618 
Pariphragnia, 618 
Peripleetrodua, 678 
Paripolocetua, 624 
Peripnatta, 678 

Periptychua, 388, 551, 555, 617, 
£90 

Periapheniscua, 803 
Periaaognathua, 575 
Perissodactyla, 420-41,554,556 
557, 560, 561, 563, 564, 567 
618, 656-57 
Periatera, 607 
Peritreaiua, 594 
Perlodo, 532, 633 
Perleididae, 94, 580 
PerUidua, 534, 580 
Permian, 616, 524-29 
Permocynodon, 601 
Pernatherium, 619 
Perognathoid^, 625 
Perognathua, 625 
Peromyaeua, 627 
Perpignan, 552, 566 
Peaaopteryx, 594 
Peaaoaaurua, 694 
Petalichthyida, 575 
Petalodua, 74, 678, 67 
Petaloptaryx, 681 
Petalorhynchxia, 578 
Petauriata, 625 
Petaurua, 611 
Petrel, 268 
Peirobatas, 592 
Petroehdidon, 609 
Petrodua, 676 
Petrogale, 611 
Patromya, 626 
Petromyzm, 23, 24 ,14 
Petrosid, 297 
Petroauchua, 597 
Payaria, 577 
Peaophapa, 607 
Phaeoehomu, 620 
Phadthon, 603 
Phaethontes. 603 
Phagatherium, 626 
Phalaerocorax, 603 
Phalacrophdia, 583 
PhdamoptUua, 608 
Phedangar, 321, 611 
Phalanges, 136.307 
Pludarodon, 594 
Pbalaropodidae, 607 
Phanermeryx, 621 
Phaneropleurm, 125,589 
PhanarorhynehuM, 679 


Phanaroaaunu, 592 
PharuroaUon, 579 
Phmumya, 8% 
Phanopkilui, 618 
Pharndw, 106,582 
PAormoeteAlAys, 588 
PlorseyAmis, 811 
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VERTEBRATE PALEONTOLOGY 


Ph<urynool$pi$, 515, 573 ,19 
Phaaeo^, 611 
Phojiomretos, 321, 611 
Phtueolutu, 610 
Pkatcolodon, 610 
Phatcdotnys, 321, 611 
Phatcolonui, 611 
Phatedothmum, 610 
Phasianut, 606 
Phamagypt, ^ 

Pheasant, 269 
Phmacoeoelut, 621 
Phenaeodaptet, 617 
Phenaeodontidae, 551, 617 


Phmacodus, 3S6, 388, 555, 617, Pigeon, 271 


Phytieulus, 587 
Pkyionemxu, 578 
PhyaorniB, MS 

Phjtosauria, 217-18, 536,597 

Phytoaaurua, 217, 597 

Piaya, 607 

Pica, 609 

Pichipilua, 611 

Pici, 608 

Piciformes, 272, 608 
Pieolapiea, 608 
Picrodeidwt, 595 
Picrodua, 612 
PicuB, 608 


m, m, m, m, em 

Pkenaetdemvr, 613 
PkenacolophuB, 617 
Phenaeomya, 627 
Phenaeops, 611 
Phenacotragus, 622 
PhiaUupiB, 574 
Phdantomba, 622 
PhUiatomyt, 626 
PkUohda, 606 
PhiUmaehuB, 606 
Phihirox, 615 


Pigs, 449 -50 
Pika. 506 
Pike, 108 
Pikermi, 552, 5CG 
Pdchenia, 611 
Pilosa, 478, 481-84, 622-23 
Piltdown man, 358-59 
Pimelodua, 583 
PtnacoBauruB, 600 
PinaeoBuchuB, 598 
Pineal organ, 14 
Pinicola, 610 


Phiomta, 412, 413, 561, 617, Sll, PinnacanthuB, 578 


S14 

PhiomyoideB, 626 
Phiomya, 561, 625 
Phlaocyon, 378, 563, 616, £75 
PhleboUpiB, 674 
Phlegeikontia, 592 
PhlyctaenacanthuB, 575 
PUyctaenaaptB, 49, 574 
PhlycUunichiKyB^ 579 
Phd>er€othmum, 618 
Phdxsrodon, 624 
Phoberomya, 626 
PhaboBuchttB, 598 
Phoea, 616 
Phoeatna, 624 
PkocaenopaiB, 624 
Phocandla, 616 
Phocidae, 380, 616 
Pkoeocetua, 823 
PhocoaauruB, 601 
PhodopuB, 627 
PhoaboduB, 576 
Pkoenieopteri, 604 
Phomieoptenu, 604 
PhoenicuruB, 609 
Phomixaiiehenia, 618 
PhdIiderpeUmt 591 
PhdidogoBter, 591 
Pholidophoridae, 100, 581 
Photidophcriation, 581 
Pholidophoroidea, 581 
PholidojAoroideB, 681 
PludidopfwruB, 537, 581, 81 
Pholidopleuridae, 95, 580 
Pholidopleurua, 5W 
PhciidoBawuB, 221, 597 
PholuioBtauB, 575 
Phdidota, 484-85, 623, 660 
PholiduruB, 579 
PhoneoBuchuB, 601 
Phororhaci, 606 . 
PhorcrhacoB, 270,606, £08, flS 
Photichthya, 682 
PhrynoBoma, 595 
PkrynoiuchuB, 692 
PhuiinoBauruB, 600 
Phthinj^, 625 
PkthoramyB, 626 
PhyeiB,SS7 
PhygoBaunu, 095 
PhyUmya, 693 
PhyOodua, 586 
PhvUdUpU, SO. 519,575. $4 
PhidlonyeteriB, 613 
PhyOopB, 613 
Phylkieoim, 609 
Ph^oBpondyU, 153 
PhifioatmuB, 618 
PhyUftahn,m 
PhyaOert 491,624 
Phyveteridae, 491-92.624 
PhyatUnOa^tM 
Phyanladan, 624 


Pinnipedia, 379-80. 565, 616, 
654 

PipeSsh,108 
Pipidae, 591 
Pipilo, 610 
PipiairelluB, 613 
Pirate perch, 108 
Ptratosaurus, 595 
Pisces, 22 
Pisiform, 306 
PiioduB, 581 
Pistosauroidea, 595 
PiatoBauruB, 196, 595 
Pithanodelphis, 624 
Ptihanoiana, 616 
PithanoUmyB, 626 
PiihecanihropuB, 355, 356, 358, 
359, 360, 814, £72 
PithecistcB, 621 
Pitheculites, 611 
PitheculuB, 614 
PithecuB, 614 
Pituiphia, 597 
Pitymya, 627 
\PlacmaB, 601 
WlaeochelyB, 198, 595, 16S 
^yPIacodermi, 38-59, 518-19, 520, 
^ 523, 526, 574-75 

Placodoutia, 197-99, 535, 595 
PlacoduB, 197-08, 695, 161 
PlacopUuruB, 580 
PlacoBaurua, 598 
PlaeoBteuB, 574 
PlaeoziphiuB, 624 
PtagiarthruB, 618 
Plagiatdax, 315, 539, 610 
Plagiodmtui, 82& 

PlagudophuB, 619 
Plagiomene, 332, 612, £61 
PlaaioptychuB, 617 
PhagioBawruB, 591 
PkigioatamuB, 691 
PlagioBueltuB, Ml 
Plaina, 623 
PlaisMioiaQ, 552 
PUmatetherium, 612 
Pkmopa, 623 
Phutommua, 694 
HaatTon, 176,177 
Platocodon, 581 
PlataamyB, 626 
PUaaUa,8M 
Plataniila, 491 
Plutamstidae, 624 
Plataapia, 574 
PlataXfSSf 

PiatmarpuB, 208,006 ,169 
Platmya, OU 

Plataoaourva, 230. 536,599, 18$, 

m 

Platinx, 082 
PMiaikua,8»1 


PlatyacroduB, 576 
Platybdodon, 413, 617, Sll 
PlatyboB, 622 
Platycemas, 621 
PlatyehdoidtB, 593 ^ B 

PlatyctidyB, 593 
PiatyehoerftpB, 613 
PlatycoelouB, 170 gS 

PlatycormuB, 685 
PlatycranieUuB, 602 
PlatycyclopB, 601 
PlatygonuB, 450, 620, SS7, 341 
Platyhyatnx, 590 
PlatylaemiiB, 586 
Platylates, 585 
Platylithojr, 624 
Platynota. 207, 596 
PlatyognathuB, 597 
Platyonyx, 623 
PlatyopB, 590 
Platyoropka, 592 
PlatyoaphyB, 624 
Platypeliis, 594 
Platyphoca, 616 
PlatypodosauruB, 601 
Platypterygius, 594 
Platyrhina, 577 
PlatyrhinopB, 590 
Platyrrhini, 347-48, 565, 571, 
614 

PlatyBiagum, 580 
PlatyBomuB, 00, 579 
Platyspondylua, 577 
PUUyBtega, 590 
PhatyBtegoB, 590 
Piatysteruidae, 593 
Ptaxhaplua, 623 
Plecotus, 613 
Plectognathi, 112, 587 
Pkctritea, 586 
PlectroduB, 574 
Plectrolejna, 579 
Plectrophenax, 610 
PUgadia, 604 
Plegmolepis, 579 
Pleistocene, 552, 568-72 
PlBBiaceratherium, 619 
Pleaiadapis, 342, 613, £69 
Pleaiaddax, 622 
PleaianthropUB, 614 
Plesiarctomys, 625 
PleBiciiB, 616 
PleBiocatharks, 604 
Plmocelopaia, 624 
PleaiocetuB, 624 
Plesiochdya, 593 
Pleaioericetodon, 627 
PUsiocyon, 615 
PleatodimyluB, 612 
PlesiodipuB, 626 
Plenogvlo, 615 
Pl&noUateB, 613 
PUsiomegatherium, 623 
Plmomeryx, 620 
PlenorycteropuB, 617 
Piesiosauria, 194-96, 538, 541, 
595 

Plesiosauroidea, 595 
PlesioBauruB, 196, 538, 595 
PlesioBminthuB, 626 
PlesioBorex, 612 
PlesioBpermophilua, 625 
FleaiothomomvB, 6^ 
PleaiotyloBaurua, 596 
PleBippuB, 619 
PlethoduB, 682 

Henraoanthodii, 70, 523, 526, 
532, 678 

PlewacanihMB, 63, 70, 526, 578, 
64,65 

PletaroBp^iherium, 617 
Plavriatum, 592 
Pleurooentrum, 129,130 
PleurocaroB, 619 
Pleuroeoaladim, 618 
Plauroeiodua, 599 
Pkuroeyon, 614 
Fteuro£ra, 181,542, 549, 593 
Weurodont, 205 ' 

PietiroUtMon, 823 


PleurolicuB, 625 
Plcuronoctidae, 588 
Pleuronichthya, 588 
Pleuropholia, 581 
Pleuroplax, 578 
Pleuroptyx, 692 

PleuroaauruB, 192, 538, 595, 154 
Fieuroaternum, 593 
Pieuroatylodon, 618, SCO 
PlexochoeruB, 626 
Pliauchtnia, 459, 621 
PlicogmthuB, 592 
Plioamblystoma, 592 
PliobalrachuB, 591 
Pliocene, 552, 565 08 
PlioceroB, 622 
Pliocervus, 621 
Fliocodontima, 624 
Pliocyon, 616 
PliodohchotiB, 626 
Pliodolops, 611 
Plxogale, 615 
PliogaUus, 605 
Pliogonndon, 598 
Pliogrus, 605 
Pliogulo, 616 

Pliohippua, 428, 429, 564, 619, 
S23 

Pliohyraz, 616 * 

Pliolagoatomiis, 626 
PliolaguB, 627 
PltolemnuB, 627 
Pliolundia, 607 
Pltomegathenum, 623 
Phomarphua, 623 
PUonarctoB, 616 
Plioniclxt, 615 
Pliopedia, 616 
Pliopithecus, 352, 563, 614 
PlioplaUcarpuB, 596 
Pliopotamys, 627 
PlioaaccomyB, 625 
Pliosauroidea, 595 
PlioBauruB, 196, 538. 595 
Plioapalax, 627 
Pliotrema, 577 
Pltotapua, 626 
Jloceidae, 609 
Plokopharoidea, 623 
PlohophoTops, 623 
Plohophorua, 623 
Plolorms, 603 
Plover, 271 
PneumatopfuiruB, 586 
Pnigalion, 601 
PoabromyluB, 620 
PoamyB, 627 
Poatrephea, 621 
Podilymbua, 603 
Podocnemta, 542, 593 
Podocya, 686 

Podokeaaurua, 231, 536, 698 
Podolaapia, 574 
Podoiia, 514, 517, 618 
Podopteryx, 688 

Podbrotherium, 458, 561, 620 
S46, S4S 
Poecilodua, 678 
Poephagua, 622 
Pogoniaa, 586 
Pogonodm, 615 
Poikilopleuron, 699 
Polacanthoidea, 600 
Pdaeanthua, 600 
Polecat Bench, 549, 553 
Pdioaawua, 6M 
Pollex, 136,304,307 
Pdyaerodm, 617 
Pdyaerodtu, 576 
PdyaapiB, 674 
PdyboruB, 60S 
PdyeladuB, 6^ 

Pclyedyhu, 541,696 

PdydBcta, 698 

Pdyddopa, 322, 558,561, Bit 
Pdytehmatmya, 593 
Pdyglypdamdon, 698 
PdygoMion, 696 
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Polymixia, 685 
Pdymorphis, 617 
JVdyncinoidca, 113, 589 
Pdyodon, 93 
Polyodoatidae, 579 
Pdyodontosaurut (596 
Polyjilocodus, 589 
Polypleriiii, 8!), 92 -93, 579 
P(»lyproU>donta, 319-2 J, 610 
Polypterus, 85, 92, 93, 123, 679, 
65, 66 

Pdyptychodon, 595 
Pdyrhizodui, 578 
Pdysemia, 592 
Polytiphenodon, 695 
Poly sternum, 593 
Polystieta, 604 
Polystylops, 618 
Poly thorax, 593 
Poinacentridae, 586 
Pomadasys, 585 
Pumatoddphis, 624 
Poinatomidao, 586 
Pomonomys, 625 
Pomoxia, 585 
Pompanoa, 111 
Pondaunyia, 614 
Pongo, 352, 614 
Poiitiaii, 552, 560, 507 
Puntiatea, 624 
Pontivaga, 624 
Pontogeneua, 624 
Pon tolls, 616 
l^ontoplanodea, 624 
Puntosaurus, 596 
Pontotatus, 623 
Poracanthodea, 574 
Poraspis, 31, 33, 515, 574, £0, 22 
Porcupine fiah, 112 
Porcupines, 502, 503 
Porgies, 111 
Pordepis, 110, 518, 589 
Porphyria, 606 
Porpoises, 491 
Portheus, 105, 541, 582, S5 
Porthochelys, 594 
Portlaudian, 533 
Porzana, 606 
Posteutatus, 623 
Postfrontal, 81, 133 
Postorbital, 81, 133 
Postpnrietal, 81, 118, 133, 166, 
297 

Poatpithecus, 618 
Postsehizotherium, 619 
Postsplenial, 82, 134 
Posttcmporul, 82 
Potamarehiu, 626 
Potamochoenis, 620 
Potamochoston, S90 
Potamogale, 328 
Pntamogalidae, 611 
Poiamotkerium, 616 
Potorous, 321, 611 
Praeeuphractus, 623 
Prairie dog, 500 
Praedestes, 612 
Pratilepus, 627 
Pralincala, 609 
Preacerathenum, 619 
Prearticular, 82, 118, 134, 299 
Prefrontal, 81,133 
Premaxilla, 81, 118,133, 297 
Preopercular, 81, 118 
Prepanorthua, 611 
Prepotherium, 623 
Prsptoeeras, 622 
Prubychen, 604 
Preabyomit, 607 
Presphenoid, 296 
Preatoauchua, 597 
Prevomer; see Vomer 


Priacanthua, 585 
Priaccdm, 311, 610, 251 
Priconodon, 600 

Primates, 336-61, 550. 551, 555. 
560, 661, 563, 565, 571, 
61^-14, 652-53 


Priodentognathua, 600 
PrionsMi4s, 610 


Prionoddphia, 624 
Prionodon, 677 
Prionolepia, 582, 584 
Prionoaaurus, 596 
Priacacara, 566 
Priaeodelphinua, 624 
Priacophyaeier, 624 
Prtsterodon, 601 
Pristerognathua, 602 
Pristichampaua, 598 
Pnatieladodus, 576 
Pnatigenya, 585 
PnatiophoTua, 68, 69, 577 
Pristiphoca, 616 
Pristta, 69, 540, 577 
Pnatiaomus, 580 
PristiuTus, 67, 577 
Pnstodua, 578 
Proadianthus, 618 
Pruadinothenum, 396, 618, 600 
Proailurus, 615 
ProalligatoT, 598 
Proamhlysomus, 612 
Proamphibos, 622 
Proanltlocajm, 622 
Proanura, 591 
Proantigoma, 585 
Proardea, 604 
Probacna, 593 
Prohalaenca, 605 
Proballostomus, 584 
Probathyopsis, 616 
Prohlenniua, 687 
Proborhyaena, 611 
Proboacidea, 408-10, 558, 561, 
563, 564-65. 569, 572, 617. 
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Proboselaphm, 622 
Probubalus, 822 
Procaeru thcrium, 620 
Procamelus, 459, 621, 348 
Procamptoceras, 622 
Procapra, 622 
Procapredua, 621 
Procardia, 626 
Procardiothenum, 626 
Procanama, 606 
Procastoroidea, 626 
Procavia, 405, 616 
ProceUaria, 603 
Procellariifornies, 268, 603 
Proceratodua, 589 
Proceratosaurus, 599 
Proceroauchus, 597 
Procerus, 621 
Procervulus, 621 
Prochalicotherium, 618 
Prochanos, 682 
Procharacinus, 583 
Pracheirichthys, 580 
Procheneosaurua, 600 
Prochetodon, 610 
Procladoaictia, 611 
Procniaa, 808 
Procobus, 622 
Proooela, 591 
Procoelous, 170 
Procoikua, 621 

Procolophon, 174, 532, 535, 692, 
ISS 

Procolophonidae, 527, 535, 592 
Pracolpochelya, 594 
Proeoptodon, 611 
Procompaognathua, 231, 233, 598 
Proconatd, 614 

Procreodi, 364-66, 614 ' 

Procynoeephalua, 614 
Procynodietia, 556, 616 
Procynoauchua, 801 
Procyon, 378, 616 
Procyonidae, 378, 563, 568, 571, 
616, 654 

Prodaedieurua, 623 
Prodamaliaeua, 622 
Prodaaypua, 623 
Prodeinodon, 599 
Pfcdiacodon, 612 
Pr^cftounodon, 601 
Prwmpftp«.611 
Prodi^adcaraa, 616 


Prodiplocynodon, 598 
Prodipodomya, 625 
Prodolicotua, 626 
Prodremothcrium, 464, 621 
Proechimys, 626 
Proectocion, 617 
Proedium, 618 
Proelgtnta, 692 
Proeretmoehdys, 594 
Proeuphractus, 623 
Proeutatus, 479, 623, 359, SCO 
Progalago, 613 
Progaleopithecus, 618 
Proganochelys, 592 
Progarzonta, 611 
Progrnetta, 615 
Progiraffa, 621 
Prognathosaurus, 596 
Progonosaurus, 596 
Progonumys, 627 
Progura, 607 
Progyrolepis, 579 
Prohalexttes, 581 
Prohahcore, 617 
ProhajxUemur, 613 
Prohegetotherium, 618 
Proherodiua, 604 
Prohepatoconus, 618 
Proheteromys, 625 
Prohydrochoerus, 626 
Prohydrocyon, 583 
Prohylobates, 614 
Prohyracodon, 619 
Prohyrax, 616 
Proictinia, 605 
Proictops, 612 
Proiguana, 595 
Proinia, 624 

Prolacerta, 201, 206. 595, 164 
Prdagostomus, 626 
Prolagus, 627 
Prelates, 585 
Prokbias, 585 
Prdeptobos, 622 
Prdicaphrium, 617 
Prdimnocyon, 614 
Prdystrosaurua, 601 
promacrauchenia, 618 
Promartes, 615 
Prtmecosomia, 581 
Promeeosomina, 580 
Promegatherium, 623 
Promelcs, 616 
Promelltvora, 615 
Promephitis, 615 
Promerycochoerua, 457, 564, 621, 
345 

Promylagaulus, 625 
Promyhobatis, 577 
Promylodon, 623 
Promyrmecophagus, 623 
Promysops, 611 
Promystrioauchua, 597 
Proneaodon, 618 
Proneuaticoaaurua, 594 
I^ongbuck, 471 
Pronolagua, 627 
Pronomotherium, 457, 621 
Pronotaeanthua, 684 
Pronothodectea, 613 
Pronothrotherium, 623 
Pronycticebua, 342,343,613, 266, 
267 

Prodchotona, 627 
Protitic, 83.134 
Propachyndophut, 619 
Propaehyrucos, 618 
Propalaehojiophorua, 623 
Propalaeochoerua, 620 
PropaHaaomeryx, 621 
Propalaeoryx, 622 
Propalaeoainopa, 612 
Propalaeoihmvm, 619 
Propanochthus, 823 
Propappua, 592 
Propdargua, 604 
Propdo^tea, 591 
Proparea, 586 
Proparearina, 585 
Prophadion, 603 


Prophoca, 616 
Prophororhacua, 606 
Prophyaeter, 624 
Propithecua, 613 
Propleopua, 611 

Propliopithecua. 351, 352, 561. 

614, 287, 270 
Propdymastodofi, 611 
Propontoamilua, 615 
Proportheua, 582 
Propotamochoerua, 620 
Propraojma, 623 
Propriatiophorua, 577 
Propriatia, 577 
Propseudopua, 506 
Propterodon, 614 
Propterua, 581 
Proputoriua, 615 
Propyrotherium, 616 
Proraatomua, 417, 617 
Prorhyzaena, 614 
Proroamarua, 380, 56.5, 616 
Prorozxphiua, 624 
Prorubidgea, 601 
Proaaurdophua, 600 
Proaauropoda, 231,239,536, 599 
Proaauropaia, 581 
Proacalopa, 330, 612, 258, 259 
Proaeapanua, 612 
Proaedidodon, 623 
Proachxamotherium, 622 
Proaeiurua, 625 
Proainotragua, 622 
Proaiphneua, 627 
Proaotherium, 618 
Proapalax, 627 
Proapaniomya, 626 
Proaphymaapia, 574 
Proaqualodon, 490, 624, 365 
Proathenopa, 620 
Proatrepaieeroa, 622 
Proaynthetoeeraa, 621 
Protabrocoma, 626 
Protacanthodes, 574 
Protacaremya, 626 
Protaceraihmum, 619 
Protachyoryetea, 627 
Protaemon, 602 
Protacrodua, 576 
Protadelphomya, 626 
Protadjidaumo, 625 
Protagraa, 596 
Protagriockoerua, 621 
Protalactaga, 628 
Protamardua, 623 
Protamia, 581 
Protanihias, 585 

Protapirua, 435, 560, 619, 320, 
321, 323, 328, 329 
Protaapia, 674 
Protauchenia, 621 
Protaidopeia, 584 
Protautoga, 586 
Proteehimya, 625 
Proteida, 592 
Proteidae, 592 
Protdea, 371 
Protdopa, 581 
Protemnodon, 811 
Protentomodon, 612 
Proterix, 612 
Proterixoidea, 612 
Proterocheraia, 593 
Proteroauchua, 597 
Proterotheriidae, 565, 568, 569, 
617-18 

Proterotherium, 618 
Proteurynotua, 579 
Protheoaodon, 617 
Prothoatherium, 617 
Prothylaeinua, 319, 611, 256 
Prothyracodon, 619 
Prothryptaeodm, 614 
Protiina, 804 
Protiguanoion, 248, 600 
Prditan, 619 
Protitaniehthya, 575 
ProHtanopa, 619 
Protitanotherium, 619 
Prdoadapis, 613 
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Protobalama, 624 
ProU^Httwn, 688 
Protobatrachw, 157, 534, 591 
Protobrama, 5K 
Protoctrat, 464, 559, 561, 621 
Protoceratidae, 463-64,561,567, 
569, 621 

Protoceratopt, 255, 256.542,600. 
t06 

Proiocetua, 488, 622 
Protochelya, 593 
Protooose, 301 
Protooonid, 301 
PlrotoooQule, 301 
Protoconurua, 607 
Protocyon, 616 
Proiomphinut, 624 
Protodichobune, 620 
Protodus, 576 
Protoglyptodon, 623 
Protoyonodon, 614 
Protokipput, 619 
Protohyarochoeriu, 626 
ProUdMa, 621 
Protoloph, 302 
Protomegalonyx, 623 
Protmegamya, 626 
Protomeryx, 620 
ProtopeUcanua, 603 
Protopdobatea, 691 
Protophoeaena, 624 
ProtopaaliB, 614 
Protopaatta, 588 
Protopterua, 123, 126, 590 
Protoptychua, 499, 6^ 
Protoreodon, 457, 621 
Protomia, 810 

Protorosauria, 190-93, 528, 535, 
594,640 

Protoroaaurua, 191, 528, 594 
Protorothyria, 592 
Protoryx, 622 
Protoadene, 617 
Prototiren, 417, 617, S16 
Protoaorex, 612 
Proloaphargia, 594 
Proloaphyraena, 100, 581 
Protoaphyma, 577 
Protoapinax, 68 , 577 
Protoataga, 182, 541. 594 
Protoatnx, 607 
Protoeuchia, 220, 597 
Protoawhua, 220, 536, 597 
Protoayngnathua, 584 
Prntotheria, 610 
Prototheriwn, 617 
ProtoihymaUua, 582 
Protoirigodon, 618 
ProtrachyaauTua, 596 
Protragdaphua, 622 
Protragoeerua, 564, 622 
ProtriUm, 590 
Proiropidcnotua, 597 
Protydopwa, 459, 620 
Protypotherium^ 398, 565, 618 
m, m, SOS 
Protypet^oidaa, 616 

Prozeu^odon, 488, 622, S65 
Proaampyrua, 613 
Provoranoaaurua, 596 
Pronpera, 597 
Proaiama, 615 
Prundla, 609 
Prymnetea, 582 
Paaladon, 610 
Paatnmodua, 74, 578, 57 
Paammohpia, 674 
Paanmomia, 603 
Paammoateua, 520, 574 
PaapKodarnutt 696 
Pavj^aadua, 678 
Pi«|)Ao])4<>ru<, 594 
696 

Ps6ttodklae.688 
PaeudbeaiOIMM, 574 
676 

?Mwi«iMk4it.816 
Patwiaukmi 373.563,616 


Paaudamphitneryx, 621 
Paeudanoateira, 593 
Paaudaplodon, 625 
Paeudaptaryx, 603 
Puudarctoa, 616 
Paaudaxia, 621 
Paaudetnya, 593 
Paeudeuiattia, 623 
Paaudautropiua, 583 
Paeudkalmarhiphua, 611 
Paaudictia, 615 
Paeudictopa, 612 
Paeudoberyx, 582 
Paeudoborhyaena, 611 
Paeudoboa, 622 
Paeudocaraa, 621 
Paeudochirua, 611 
Paeudocladoaietia, 611 
Paaudoeorax, 576 
Paeudocyhndrodon, 625 
PaeudMiynodicita, 369, 375, 615, 

m. sss, m 

Paeudocreodi, 366-68, 550, 551, 

555, 556, 614 
Paeudocyon, 615 
Paaudoeuryurua, 623 
Paeudogalarix, 612 
Paaudogaleua, 577 
Paeudogdocua, 621 
Paaudohapalom, 623 
PuudoAegetoMarium, 618 
Paeudolabta, 620 
Paeudoleiatea, 610 
Paeudolopa, 611 
Paeudoloria, 613 
Paeudomertonea, 627 
Paeudopetaltehthya, 57, 575, 
Paaudoplataeomya, 626 
Paatidoplohophorua, 623 
Puvdopua, 596 
Puudoraabora, 583 
Paeudorca, 624 
Paeudarhinolaphua, 613 
Paeudorhynchoeyon, 612 
Paaudoacarua, 586 
Paeudoaciurua, 502, 625, 872 
Paeudoaeriola, 588 
Paeudoaigmomya, 626 
Paeudoaphaerodon, 686 
Paaudoapharfda, 594 
Paeudoapheniaeua, 603 
Paeudoategotherium, 623 
Paaudoaierna, 607 
Paaudoalylopa, 618 
Faeudoauchia, 214-17, 535-36, 
597 

PaeudoayngnotAua, 585 
Paeudothryptodua, 5^ 
Paetidotht^inua, 611 
PaaudoUmru, 9ZS 
Paaudotri^ua, 622 
Paaudotriaeanthtca, 588 
Paaudotrimyx, 594 
Paaudotypothmum, 618 
Paeudo^er, 586 
PaUiehthya, 679 
Patlopteriw, 606 
Pailotraehdoaaurua, 595 
Prittaeidae, 607 
Pnttaoiformfia, 271,607 
PaUtaeoaaurua^ 248,250,600 
PaUtacothmum, 335, 613, 26i 
Ptannodon, 328. 543, 698, i74, 

185 

PteraaiHdofnorphi. 573 
PterMpw^Sl, 32. 33. 518. 674, 

PtmieUhyodea, 53. 519, 575. S7, 

S9 

Pkrichthva, S3. 675.57 
PtiroolateB, Biff 
Pt^didae, 507 

Pierodaetyloidea. 227-28, 543, 
PUrodMtylv, 227,539.698. m, 

m 

PUroden, 556,661,614 
Plarodrm, 698 
PM$pi§tBn 
PknmBtfW 


Pteroniaetdua, 579 
Ptaropdaiea, 677 
Ptaroj^, 691 
Ptaropua, 613 
Pterorhinua, 809 
Ptarosauria. 222-28, 539, 543, 
598, 642-43 
Pteroaphenua, 696 
Pteroa^dylua, 508 
Pterothrisaidae, 581 
Pterygocaphalua, 687 
Pterygoid, 82, 118,133,166,297 
Ptilodontidae, 315, 610 
PtUodua, 314, 315, 650, 610, 25S 
Piolemaia, 614 
Ptyaa, 597 
Ptyehaapia, 574 
Ptychoceratodui, 590 
Ptyehockeilua, 683 
Ptychocynodon, 601 
Ptychodua, 70, 677, 5S 
Ptychogaater, 593 
Ptychognathua, 601 
Piycholajna, 580 
Ptychoaiagum, 601 
Ptychotrygon, 577 
Ptyctodontida, 51-52, 519, 575 
Ptyctodua, 51, 575 
Ptyoniua, 591 
P(j/asop/K)riM, 627 
Pubis, 136 
Pueraaia, 605 
Pttdu, 621 
Puerco, 549, 553 
PuereoleatBa, 611 
Puarcoaaurua, 592 
Ihiffera, 112 
Puffinxia, 603 
Puliiphagonidea, 622 
Puntiua, 583 
Puppigarua, 593 
Purbeck, 533, 537, 639 
Puruaaaurua, 598 
Putterillta, 590 

Pycnodontidae, 99, 637, 541, 
548, 680 

Pycnodontoidca, 580 
Pycnodua, 99, 5W 
Pycnomicrodon, 580 
Pycnonotva, 609 
Pyenoatennx, 585 
Pycnoaternidea, 585 
Pycnoateua, 574 
Pyelorhampua, 610 
Pygaaua, 687 
Pygmaanchelya, 593 
Pygodema, 613 
Pygopterua, 579 
Pjfiaecaphciua, 601 
Pylmophia, 597 
Pyramiodontharium, 623 
Pyritocephodua, 579 
Pyrotheria, 403-4,664,558,562, 
563, 565, 616, 656 
Pyrotherium, 403, 404, 559, 562, 
616, S08 
Pytrhoeorax, 609 
Pyrrhwa, 607 
Pyrrhida, 610 
Python, 697 
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Raja, 69. 540. 877 ,58 
Rwtotnaryx, 621 
Rakomylua, 621 
RaUicrax, 606 
Rallidae, 269, 606 
RaUua, 606 
Ramamthaeua, 614 
Ramphaatoa, 608 
Bona, 691 
Romocaroa, 622 
Ranawa, 691 
Ranevdua, 623 
Rangifar, 469, 621 
Rapamya, 625 
Rapator, 599 
Raphua, 607 
Raabora, 583 
Ratitea, 265-67 
Rata. 505 
Rattua, 505, 627 
Ratufa, 625 
Rauiauchua, 697 
Ray-finned fiahea, 86-114 
Raya, 69-70 
Recent timea, 572 
Reevrviroatra, 607 
Rcdbeda, Permian, 516, 524-25 
Red Beda (South Africa), 532, 
533 

Redfiddia, 534, 579, 72 
Radunea, 622 
Regnoaaurua, 600 
Ragului, 606 
Reindeer, 469 
Reithrodon, 627 
Rexthrodontmya, 627 
Reithroparamya, 625 
Ramigdapia, 675 
Remiamia, 606 
Remora, 113 

Reptilia, 163-256, 273-91, 524, 
627-28, 534-36, 538-39, 
541-43, 549, 638-47 
characteriatica of, 163-64 
olasaification of, 171-72, 592- 
602 

structure of, 164-71 
Republican River, 552, 566 
Respiratory system, 16-17 
Ratxcvdolapia, 679 
Rhabdocephalua, 601 
Rh^dodarma, 121, 589 
Rhabdodon, 600 
Rhabdofario, 682 
Rhabdognaihua, 697 
Rhabdotapia, 679,961 
Rhaehianactaa, 624 
Rhachicaphalodon, 601 
Rhaehiocephalua, 601 
Bhaehioaieua, 676 
Rhachitomi, 150-54, 524, 526, 
627. 534, 590 

Rbachitomoua vertebrae, 130, 
150 

Rhacdapia, 681 
Rhadamaa, 578 
Bhadinacanthua, 874 
Rkadiniekthya, 90, 519,879 
RhaHnoniaeua, 679 
Rhadinorhinua, 619 
Bhadinoauchua, 897 
Rbaetio. 531, 533 
JS^MUconua, 694 
Rhaatoaaurua, 599 
Rhagamya. 627 
Rkagathanum, 820 


Bhan^gtodopaia, 61, 52,519,678, 

Rhamphodiu, 878 
Rbam^orli]^oldaa, 227,642, 
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RhMformM, 265, 603 
Rhenauida, 575 
Rhina, 68, 577, 49, B» 
Rhi7iMBt$im 883 

Rhiuelaud, Devonian of, 517, 
518, 519, 530 
Rhindluit 684 
Bhinemv$, 693 
Rhinetuchoidet, 590 
Rhinetuehxu, 527, 590 
Rhineura, S96 

RhinobaiiB, 69. 537, 577, 60 
Rhinoetrot, 440, 620 
Rhiuocerotidae, 437-41, 557, 
560,561,564, 567, 569,571, 
572, 619-20, 657 
Rhinooerotoidea, 435-41, 557, 
560, 61fr-20, 657 
Rhinochdyt, 593 
RhinolophuB, 612 
Rhinopitheeiu, 614 
Rhinoptera, 70, 577 
Rhinopteraapia, 574 
Rhinoateua, 575 
Rhinotitan, 619 
Wiipaeoaauruat 592 
RhipidistU, 119-20, 518, 519, 
523, 526, 589 
Rhipidomya, 627 
Rhiptogloeea, 206, 696 
Rhizodopaia, 689 
Rhizodua, 120, 589 
Rhizomya, 505, 627 
Rhizoapalax, 627 
Rhodanotnya, 626 
Rhodanoaaurua, 600 
Rhodesian man, 360 
Rhodeua, 583 
Rhornaleozaurua, 596 
Rhotnbodua, 577 
Rhombtta, 588 
Rhopahdon, 601 
Rkynchaeitea, 606 
Rhynehippua, 618 
Rkynehobatua, 577 
Rhynohocephalia, 202-3, 535, 
538, 542, 549, 595, 641 
Rhynehodipterua, 126, ^ 
Rhynchodontva, 575 
Rhynchodua, 575 
RhynchoUpu, 573 
Rhynchopaitta^ 607 
Rhynchorhintu, 584 
Rhynchosauridae, 535, 595 
Rhynehoaauriu, 203, 535, 595 
Rhynchothmium, 413, 617 
Rhynchotva, 603 
Rhynotragua, 622 
Rhyphodon, 618 
Rhythmiaa, 586 
Rhytidoatnu, 590 
Rhytiaodm, 624 
Ribbonfish, 113 
Ribs 

in amphibians, 131 
in fishes, 11,83 
in mammals, 304-5 
in reptiles, 167, 170 


Ricardolyddikma, 617 
Rienodon, 592 
Rio Chioo, 550, 553, 554 
Rio do l^to, 532, 533 
Riparia, 608 
R»to.883 
Roaorunner, 271 
Rodentia, 494-505, 554, 555, 
556, 559-60, 563, 560. 626- 
27,660-61 
£o0SfM<is,684 


Romainaii^Wd 

SondkefMonia, 888 
Ronion, 563,559 
AMtsoiherittm, 610 
Rorquals, 498 
Rosebud. 583,562 
RostraU^OOO 

Sihr 


RolueUua, 613 
Rvbidgina, 602 
Ruceraua, 621 
Ruling reptiles, 210-56 
Ruminantia, 453-74, 620-22, 
658-59 

Rupelian, 553 
Rup^nia, 607 
Rupieapra, 473, 622 
JStMa, 621 
Ruaconia, 626 
Russia 

Devonian of, 517, 518 
Carboniferous of, 516, 521 
Permian of, 516, 525,527,528 
Triassic of, 532, 533 
Rutteeroa, 622 
Rittimeyaria, 618 
Rutiodon, 597 
Rytina, 418, 617 
Rytiodua, 617 
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Saaremaaapia, 573 
Saarolepia, 573 
Saccopteryx, 612 
Saecoatomua, 627 
Sadypua, 623 
Sagecephalua, 601 
Sagenodua, 125, 126, 523, 526, 
589 ,64 

Saghatherium, 406, 616, 309 
Sagittal crest, 296 
Sagittariidae, 605 
Sahelinta, 582 
Saiga, 622 
Sailfish, 111 
St. Gerand, 552, 562 
St. Louis limestone, 516,521 
Salamanders, 160 
Salamandra, 592 
Salamandroidea, 592 
Salientia, 155-56, 591 
Salmo, 582 
Salmon, 105 

Halmonoidea, 105 6, 582 
Salmopercae, 109, 585 
Salopian, 517 
Saltator, 610 

Saltopoavichua, 214, 597 ,178 
Saltopua, 536, 598 
Snmonycima, 613 
Samos, 552, 566 

Samotherium, 469, 621, 337, S5S 


Saurischia, 231-45, 536. 538, 
598-98, 643-44 
Sauroeephaltta, 581 
Sauroeetua, 624 
Sauroddphia, 024 
Saurodeamua, 693 
Sawrodon, 581-82 
Saurolophiu, 600 
Saurophagua, 599 
Saurophura, 158, 591, Itl 
Sauropoda, 240-45, 538, 542, 
599,644 
Sauropaia, 581 

Sauropterygia, 193-99,528, 535, 
538,594-95,640-41 
Saurorhampkua, 582 
Saurornithoidea, 599 
Sauroaj^rgia, 695 
Sauroaternon, 595 
Sauroatomua, 681 
Saurothera, 607 
Sawfishes, 69 
Saxicola, 609 
Saxouiao, 516 
Sayimya, 626 
ScabeUia,m 
Sealdteetua, 624 
Scales, 77-78,129 
Scalibrtnithenum, 618 
Scalopocephalua, 602 
Secdopoaaurua, M2 
Scalopoauchua, 602 
Scalopua, 612 
ScaniUpia, 579 
Scaniornta, 604 
Scapanodon, 601 
Scapanorhynchiu, 68, 576 ,49 
Seapanvlua, 612 
Scapantia, 612 
Seapherpeton, 592 
Scaphiopua, 591 
Scaphtrhynchua, 65 
Scaphognathiu, 698 
Scaphoid, 306 
Scaphonyx, 595 
Scapiermnya, 627 
Scaptoehirua, 612 
Scaptodon, 624 
Scaptog(Ue, 612 
Seaptohyua, 620 
Scapionyx, 612 
Scaptoi^ia, 597 
Scapula, 135, 305-6 
Scardmua, 583 
Scaroidea, 586 


Samotragua, 622 
Sand lances, 113 
SandeUodua, 578 
Sandpiper, 271 
Sanitkarium, 620 
Saniwa, 596 
Sannoisian, 553 
Sansan, 552, 502 
Sanaanoaaurua, 697 
SanaonoamUtu, 615 
Santa Crus, 552, 562, 565 
Santa Fe, 552,566 
Saphaoaaurua, 538, 596 
Sarcodm, 614 
Sareclmur, 620 
Saret^iaa, 600 
SarcopkUua, 320, 611 
Sareorham-^ua, 604 
iSarcowurtfs, 698 
Sarda, 588 
Sardinioidea, 884 
Sardinitta, 684 
Sargodon, 880 
Sargua, 566 

Sarkaatodm, 367,556.614 
Sarkidiornia, 604 
Sarmatian, 553 
Sartamya, 593 
Saamta, 889 
Sebirhinto, 612 ^ 


ScarriUta, 618 
Scarua, 586 
Scatophagua,5B7 
Scaumenac Bay, 517, 518 
Scaumenacia, 126, 519, 589, 9t 
Scdidodon, 623 
Scdidoaawua, 253, 600 
SceUdotharium, 623 
Sedcfdaux, 607 
Schavbeumya, 626 
SchUbeidae, 683 
Schiamotherium, 623 
Schiatomya, 626 
Schitodal^it, 624 
Sehitolophodon, 619 
Schiaorkina, 577 
Sehizoataua, 574 
Sekizothanvm, 619 
Sckizuriektkya, 579 
Schloaaeria, 619 
Saiaena, 686 
Sdamya, 626, 373 
^neidae, 896 


Solnomnorpha, 206,596 
Seineoaaurua, 891 
Sciunmu, 6w 
Soiuridae, 500,626 
Seivrodon, B25 
Soiuroidea, 499-500,625 
Sfltvretdss. 625 
Sduromorpha, 497-99,625 
. Soiurmya, 626 
Seimdantaa, B2S 
.Seiatma, 500. 628 
<. ^Sdgraemtthva, 889 


Sdaroealyptua, 623 
SeUrocephalua, 590 
Sclerodermi, 112, 588 
Sdarodua, 573 ,18 
Sclaromochlua, 597 
Selaromya, 626 
Sclaropagaa, 582 
Scleroparei, 112. 588 
Selerorkynckua, 577 ,61 
Seleroaaurua, 592 
Scdiomua, 600 
Seoliorhiza, 576 
Scolopacidae, 271, 606-7 
Scolopax, 606 
Scdoaaurua, 600 
Scomber, 111, 586 
Seombereaox, 584 
Scombramp^don, 586 
Seombrinva, 686 
Scombroclupaa, 582 
Scombroidea, 111, 586-87 
Scopeloidea, 684 
Scopeloids, 108 
Scopdua, 584 
Scopa, 608 
ScoTpaana, 112, 688 
Scorpaenoidea, 112-13, 688 
Seorpaanoidaa, 588 
Scorpaenojpterua, 588 
Scorpion fish, 112 
Seotaeumya, 626 
Scotland 

Silurian of, 514, 517 

Devonian of, 517 

Carboniferous of, 516, 522 
Seothmua, 626 
Scullya, 601 
Sculpins, 112 
Seutemya, 693 
Scuioaaurua, 592 
Seylaeognathua, 601 
Scylaeovdea, 602 
Scylaeopa, 601 
Seylaeorhtnua, 602 
Scylacoaaurua, 602 
Scylliorkiniu, 67,677 ,49 
ScyUium, 67, 577 ,49 
Scymnognathue, 287, 601, 3C4 
Scymnorhintu, 577, 601 
Scymnoaaurua, 602 
Scymnua, 577 
Seytahphia, 597 
Scythian, 533 
Sea oowB, 416-19 
Sea horse, 109 
Sea robin, 112 
Seals, 379-80 
Sebaatodaa. 588 
SebecoBuchia, 220.222, 597 
Sebeeua, 222, 597 
Seeuriaapia, 673 
Saalayoaaurua, 595 
Sealya, 592 
Segiaavrua, 598 
Sdachii, 64-68, 576-77 
Selenodont, 302 
SeUnomya, 626 
Selanoportax, 622 
Sdenoateua, 575 
Sella turcica, 296 


Semantor, 380,616 
iSemigenefto, 615 
S^ionotidM, 97, 537, 580 
Semionotoidea, 580 
5smtonolu«, 97, 534,580 


SemtopAortu, 687 
SemnoiHthecinae. 350-51 
Samnopitiiaeua, 350,614 
SendAorsIta, 584 
Senecan, 517 
Sraonian, 533 
Sense organs, 15-16 
Septomii^a, 118,133 
Sarinva, 610 
R0Hda,m 
Sorpentes, 596 
Sarramua, ill, 588 
Sarridantima, 665,617 


iSerroIspts, 880 


8aamadan,90R 
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Se$pmy», 625 
Setpia, 621 

^eiiaefitiw, 618 

Sntmadia, 611 
Sewellel. 497.499 
Seymortria, 130, 147-50. 167, 
173,526,691. 94,110, 111 
Seymouriamorpha, 147-50, 523, 
526, 527, 691 
Shamolagiu, 627 
Shamotuehut, 698 
Sfuirmys, 593 
Shark suoker, 113 
Sharklike fishes, 60-74 
Sharks, 62-68, 537. 540, 548. 
633 

SK(uta$aurm, 535, 594 
Sheemia, 616 
Sheep, 472,473 
Sheep Cre^, 552, 562 
Shdl of turtles, 176-78 
Shetland Islands, 517 
Sho$honiu», 613 
Shrews, 330 
Shweboemys, 593 
Sialia, 609 
Sicitta, 626 
Siegenian, 517 
Siffmodon, 627 
Silurian, 514-15 
^iuroidea, 583 
Silunu, 683 
Simia, 352, 614 

Sitniidae, 351-54, 563, 571, 614 
Simitneryx, 621 
Simimys, 626 
Simobiton, 622 
Simocyon, 616 
Simoedoaaurut, 595 
Simolettea, 695 
SimoUcjAU, 543, 596 
Simonyeterit, 613 
Simopithecua, 614 
SimorMnella, 602 
Simorre, 552, 562 
Simotaurtu, 196, 594, 159 
Simplmtu, 626 
Stnamta, Si81 
Sinanod^phit, 624 
SinarUhroput, 358, 360, 614, 979 
Sinektirdw, 342,614, 968 
Sinclairia, 623 
Sinenyt, 593 
Sinietii, 615 
Sinoeattor, 625 
Sinoehtiyi, 593 
Sinocodunu, 598 
Sinocrieetus, 627 
SinohadriantLs, 593 
Sinokantumeyeria, 601 
Sinolagotny*, 627 
SinomegactTM, 621 
Sinopa, Z6S, 975. 976 
Sirwrea*, 622 
Sinoryx, 622 
Sinotaunu, 599 
SinoBmumotua, 580 
Sinoiherixm, 619 
Sinotragva, 622 
Sipaheyon, 811 
Stphatdet, 683 
Siphnetu, 627 
Siphonocdwt, 624 
SipkonoaUma, 585 
/Siren, 592 

Sirenia, 416-19, 558, 562 565, 
617, 655 


Sivaonyx, 615 
Sivapithecua, 614 
Sivaportax, 622 
Sivoamilua, 616 
Sivatheriwn, 470, 622, S53 
Sivatiianopa, 619 
Simtragxia, 622 
Sivoreaa, 622 
Sivoryx, 622 

Siwalik Hills, 552, 562, 566 

Skates, 69-70 

Skeleton 

of amphibians, 128-39 
of birds, 258-61 
of bony fishes, 76-84 
of fishes, 8-14 
of mammals, 294-308 
of placoderms, 38-41 
of reptiles, 165-71 
of sfaarklike fishes, 60 62 
Skull 

in Actinoptcrygii, 87-88 
in amphibians, 131-34 
in birds, 250-61 
in bony fishes, 78-83 
in Choanichthyes, 115 
in Crossopterygii, 117-19 
in fishes, 13-14 
in Holostei, 96-97 


567,571, 

tree, 482, 571 
Smarta, 585 
Smerdis, 586 

Smilodm, 371, 373, 571, 615. 

976, 979 
Sminthoiiiea, 626 
Snake Clreck, 552. 566 
Snakes. 208-9 
Snappers, 111 
Snipe, 271 
Socnopaea, 583 
Sokoioaaurua, 597 
Solea, 588 

Solenhofen, 533, 537, 539 
Solenodon, 328 
Solenodonaaurua, 173, 592 
Solenodoutidac, 611 
Sdenodua, 578 
Sdanarhynchua, 585 
Solmoatomua, ^ 

Soles, 112 
Solo man, 360 
Somateria, 604 
Song birds, 272 
Sontiochdya, 593 
Sorax, 330,612 
Borieidae, 557,612 
Smiddma, 583 
Soricoidea, 330, 612 
Sorievlua, 612 
South Africa 

Permian ol, 516. 525, 527,528 
Triassic of. 532, 533, 536 
Cretaceous of, 530 
South American deposits 
Paleosoio, 516, 525, 528 
Mesosoic. 532, 533, 540 
Cenosoic. 547, 550, 552-53, 
554. 555, 558, 559, 561-62, 
565, 566,567-68, 571-72 
Spalaeotheriim, 313, 610, 950, 
951 



SifonaeUa, 596 
Sisoridae, 5f8 
8itta,m 
Siaoeapra, 622 
SiaaeatM, 622 
3iaaehe«rua, 620 
Siaaci^u$t 622 
Siaaeyw, 616 
Siattimda,82Z 
SiaadunUtftS 
Siaakyiu, 620 
SiadutUM 

Siaanaaw, 616 


Spdlax, 505, 627 
Spaniwion, 661 
SpantoUpU, 681 
Spantmya, 626 
Spanoccyodon, 614 
SparwiUkMAda, 380, 616 
Sparagmitea, 681 
Sparaaaoeynua, 611 
S^sadan, 553 
iSjximsdtts, 686 
/SparodtM, 662 
8parut, 111, 886 
Sipatkk)batu,57f 


Spaihiocaphalua, 690 
Spathiurua, 581 
Spatkodactylua, 581 
Spatvla, 604 
Speothoa, 377, 616 
Speotyto, 608 
Speoxanua, 626 
Spermatodua, 589 
Spermophilxu, 625 
SphaerUepia, 579 
Sphaerotnya, 626 
Sphagebranehxu, 584 
Sphanacanthua, 576 
Sphenaeodon, 600 
Sphenacodontia. 600 
Sphenethmoid, 83, 134, 296 
Spheuisoidae, 603 
Sphenisciformes, 268, 603 
Spkenoeephalua, 585 
Sphenocoelua, 619 
Sphenodon, 167, 171, 200, 202, 
203. 205, 206, 538, 166 
Sphenoduntidae, 595 
Sphenomeryx, 620 
Sphenophaloa, 622 
Sphenopsalis, 610 
Sphenoaaurua, 592 
Sphenoauchua, 597 
Sphenotherua, 623 
Sphyraem, 588 
Sphyraenodua, 586 
Sphyrna, 68, 577, P 
Sjnlogale, 615 
Spinaeanthiu, 588 
Spinax, 577 
Sptndaha, 610 
Hjnnoaaurua, 238, 599 
Spinus, 610 
Spiny “sharks,” 41-45 
Spiny tdeosts, 109-14 
Spiracle, 38, 84. 138 
Spirocerua, 622 
Spirodontmya, 626 
Spitsbergen 
Silurian of, 514, 517 
Devonian of, 517, 518 
Triassic of, 532, 533, 534 
SpUaetua, 605 
SpiuUa, 610 

Splenial, 81,118, 134, 167 
Spondylerpeton, 591 
Spondyleatea, 592 
Spondylioaoma, 585 
Spondyloaoma, 599 
Spraldioidaa, 582 
Sgualicorax, 68, 576, 49 
Sqvalodalphia, 624 
Sgualodon, 490, 624 
Squalodontidao, 489-90, 565, 
568, 624 

Squaloidea, 68, 578 
Squaloraja, 537, 578 
Squaliu, 68, 577, 49 
Squsmata, 204-9, 595-97, 641- 
42 

Squamosal, 81,118,133,296 
Squatarola, 606 
Sqmtina, 68, 577, 49, 59 
Squirrel, 500 
Stagondepia, 597 
Stogmoauchua, 597 
StaMeekaria, 601 
Stampian, 553 
Sianoaaphaloaaurua, 590 
Stapes, 138,166, 299 
Staphylornia, 606 
Stegoeephalian, 142 
Stegockdya, 593 
Stagodon, Hi, 557, 617,318 
Stagolojduxlon, 617 
Stagomaaiodon, 413, 617 
Stagmoauehua, 597 
Sl^pmua, 597 , 

Stagopdta, 600 
Stegopa, 

St^oiauria, 246, -^$HS3, 800, 
644 

Stegoaavrua, 262, 538, 800, 187, 
900,909 


Stegoselachii, 55-57, 519, 520, 
575, 633 

Stagotheriopaia, 623 
Stegotherium, 479, 623 
Stegotrachelua, 519, 579 
Stehlmdla, 614 
Steiuheim, 552, 562 
Stairomya, 626 
Stdabxaon, 622 
Siammatodua, 580 
Stenaulorhynchua, 595 
Strnaofiber, 500, 563, 626 
Steneoaawua, 221, 597, 174,175, 
181 

Steno, 624 
Stanoildphia, 624 
Stenoderma, 613 
Stenodontherium, 623 
Stanogala, 615 
Stenogmihua, 575 
Slanomatopon, 595 
Stanomylua, 459, 564, 621 
Stenonychoaaurua, 599 
Stenopdix, 600 
Rtanopleaictxa, 370, 615 
Stanopterygiua, 189, 594 ,148 
Stenoateua, 575 
Stenotatua, 623 
Stenotephanoa, 618 
SlenatoeUa, 56, 57,519, 575 ,41 
Stensioellida, 575 
Stephanocemaa, 469, 621 
Stephanodua, 112, 588 
Stephanotnya, 527 
Stephanoapondylua, 592 
Stereoddphta, 624 
Stereogenya, 693 
Stereognathna, 602 
Stephanian, 516, 522 
Stereodua, 586 
Stereojdwihdon, BOO 
Storeospoudyli, 154-.55,527,534, 
590-91 

Stereoepondylous vertebrae, 130. 
154 


Stereoatemum, 800 
Stereotoxodon, 618 
Sterna, 607 
Sternbergia, 582 
Sternoptyx, 583 
Stemothaerua, 593 
Sternum, 258, 304 
Steihacanthua, 578 
Sthenaroaaurua, 595 
Sthenieiia, 615 
Sthenadectaa, 619 
Sthenurua, 611 
Siheronerua, 811 
Stibarua, 6^ 
Stichacanthua, 578 
Stichaeua, 587 
Stichmya, 626 
SHchopterua, 579 
Stigmodua, 574 
Stuhipptu, 618 
Stilotherium, 611 
StUpnodon, 612 
Stmatoauehua 598 


Stomiatoidea, 106, 682 
Stonesfield, 533. 537. 53G 
Sticklebacks, 109 
Stockoceroa, 622 
Stork, 269 
Stormberg, 532, 533 
Sioaehioaaurtu, 590 
Straboaodan, 623 
Stratodua, 684 
Sirddodua, 678 
Sirmmia, 591 
SbraphaeaelmM, 579 
Strapaiceroa, 622 


Sirapaodua, 689 
Slrej^pon^w, 690 
StHmmthva, 574 

607-8 



INDEX 


StrogvlognathuB, 822 
Str<maphorop$it, 623 
StromaphoTM, 623 
Stromeria, 603 
fitrotnerichtkys, 581, 589 
Stromero8Uchu9, 598 
Strophodui, 576 
Stropkoatephaniu, 626 
iStrufAto, 602 
Strutktocephalua, 601 
Struthiomimw, 234, 235, 542, 
599, 190.191 

StruthioniformeB, 265, 602 
Struthiosaurus, 2<'>4, 600 
Sturgeon, 93 
Sturnella, 610 
Stumira, 613 
Sturnus, 609 
Stylemya, 181, 593 
Stylinodon, 334, 557, 613 
Stylocynw, 611 
Stylodua, 586 
Stylognathua, 611 
Stylomyleodon, 581 
Styracocaphalua. 601 
Styraeopterua, 579 
Styraeoaaurua, 600 
Styxoaaurua, 595 
Subholostei, 89.93-96, 534, 537, 
579-80 

Svbhyracodon, 437, 619 
Submeryeeroa, 622 
Suboperculum, 82, 118 
Bubuiigulates, 405-19, 655 
Suceinodon, 599 
Suchodua, 597 
Suchoaaurua, 597 
Suckers, 107 
Snevoaciurua, 625 
;Sudt«, 684 
Sugrivapithecua, 614 
Suidae. 449-51, 560, 564, 567, 
568, 571, 572, 620 
Suioa, 447-53, 620, 658 
Sula, 603 
Sunfieh, 111, 112 
Superbiaon, 622 
Supracleithrum, 82 
Supraooeipital, S3, 133, 296 
Supratemporal, 81,118,133,166 
Suraugular, 82,118, 134 
iSurteota, 615 
Surnia. 608 
Sua, 450, 620, SS7 
Suahkinia, 605 
Svalbardaapia, 574 
Swan, 269 
Swift, 271 
Swine, 449-50 


Sword£sh. Ill 
Syeium, 627 
^lyeotaurus, 601 
Syliamua, 582 
SyUomua, 594 
Sylvia, 609 
Sylvieapra, 622 
Si^vUagua, 627 
Symhoa, 622 

Symmetrodonta, 312, 539, 610 
Symmetrodontomya, 627 
Symmorium, 576 
Sympleotic, 86 
Symptoauchua, 598 
Synmaxia, 6(W 
SynapBid, 172, 274 
Synapsida. 273-91,600-601 
Synaptodon, 611 
SynapUmya, 627 
Synai^OMtina, 190-99,504-95 
Synauekmia, 49,576 
Synbrand^ 113,588 
Synearut, 622 
SyneottoleiAtM, 617 
Syndyouraa, 621 
SyneeAodtt*, 576 

SyngwotaMruhW 

SvSapdlpVj^ 

Synedonhh w3 


Synodua, 584 
Synojdotherium, 614, g77 
Synoateua, 575 
Synoatocephalua, 601 
Syntegmodua, 582 
Syntketoeeraa, 464, 621, S62 
Synthetodua, 589 
Syntkliborampkua. 807 
Syrmaticua, 60S 
Syrnium, 607 
Syrrhaptea, 607 
Syatemodon, 819 
Stechmnoaaurua, 599 


T 


Tabular, 81, 118, 133 
Tachygloaaua, 310, 610 
Tachyneetea, 584 
Tachyopkia, 597 
Tackyoryctea, 627 
Tackyoryctoxdea, 627 
Tadana, 613 
Tadorna, 604 

Tacniodontia, 334-35, 55J, 555, 
556, 613, 652 

Taeniolabia, 315, 550, 610. 25S 
Taenidepia, 575 
Taeniura, 677 
Tagaaau, 620 
Talpa, 330, 612 
Talpidae, 557, 612 
Tamandm, 623 
Tamaaeiurua, 625 
Tamiaa, 625 
Tatmobittia, 575 
Tanaodua, 578 
Tangaraaaurua, 624 
Tangaaaurua. 595 
Taniua, 600 
Taniwhaaaurua, 596 
Tanupolama, 621 
Tanyatropkaua, 192, 535, 594, 
IBS 

Taognatkua, 601 
Taoperdix, 605 
Tapkaatua, 605 
Taphroapkya, 593 
Taphozoua, 612 
Tapinocephalia, 601 
Tapinocephalidae, 528, 601 
Tapinocepkalua, 525, 601 
Tapinopua, 605 
Tapvravua, 619 
Tapiromorpha, 434-41, 619 
Tapiridae, 560, 570, 571, 572, 
619, 657 

Tapiroidea, 556, 557, 558, 560, 
561, 619, 657 
Tapirs, 434-35 
Tapirulua, 620 
Taptrua, 435, 619 
Tapoeyon. 614 
Tardigrada, 623 
Tarija, 552, 571 
Tarpon, 106 
Tarraaiua, 92, 579, 70 
Tarsals, 136, 307 
Tamoidea, 344-46, 813-14 
Taraiua, 336, 338, 341, 344, 345, 
346, 347 

Tarsus, 137,167, 307 
Tasmanian devil, 320 
Tasmanian wolf, 320 
Tataromya, 626 
Tatera, 627 
Tatkiodon, 610 
Tatu, 623 
Tarmaapia, 574 
Tarinektkya, 686 
Tawrocapkalua, 601 
Tauropa, 601 
Tapniragua* 822 
fatidea, 375, 616 
*I^onomy, 6-*6 



Tailkardia, 619 
Teilkardina, 613 
Teiaaatria, 623 
Teiecrex, 606 
TeUsidoaaurua, 597 
Telelopkua, 619 
Teleoceraa, 440, 619 
Teleodua, 619 
Tdeorktntia, 597 
Teleosaurua, 221, 597 
Teleostei, 102-14, 537, 541, 549, 

581-89, 635 
Telapkulia, 584 
Talerpaton, 592 
Tdtcomya, 626 
Telmaaaurua, 696 
Tehnatherium, 619 
Telmatodon, 620 
Taltnatornia, 606 
Telodontomya, 626 
Tamnocyon, 376, 616, 275 
Temnotrionyx, 594 
Temporal fenestrae, 169 
Tendaguru, 533, 537, 538 
Tenrec, 328, 611 
Tepkrocyon, 616 
Teracophrya, 591 
Taracua, 605 
Terattchthya, 586 
Taratornia, 60S 
Teraloaaurua, 236, 536, 599 
Tarmatoaaurua, 597 
Tern, 271 
Terrapene, 693 
Teraomiva, 590 
Terlrema, 590 
Teaaaraapta, 674 
Testudinata, 592 
Teatudo, 181, 593, 137,139 
Teioniua, 346, 613, 268 
Tetrabalodon, 412, 617 
Tairaceratopa, 600 
Tetraeeroa, 622 

Tetraclaenodon, 387, 551, 617 
Tatraconodon, 620 
Tetracua, 612 
Tetragonolapxa, 680 
Tatragonoaaarua, 600 
Tatralopkodon, 413, 61'^, S12 
Tetralopkoaaurua, 595 
Tetrameryx. 471, 622, SS7 
Tairao, 605 
Tetraodon, 688,601 
Tetraodontidae, 112, 588 
Tetrapoda, 22 
Tetrapturua, 586-87 
Tatraaalanoaon, 620 
Tetraatylomya, 626 
Tairaatylopaia, 626 
Tetraatylua, 626 
Teutbidae, 587 
Teuthidoidea, 587 
Teutomania, 823 
Texas, Permian of, 516, 524 
Taxocaroa, 622 
Thaelodon, 611 
Thalarcioa, 379 
Thalaaaemya, 538, 542, 593 
Thalaaaioaawua, 595 ' 
Tkalaaaoeetua, 624 
Thalaaaochelya, 594 
Tkalaaaomadon, 595 
Tkaiaaaonomoaaurua, 595 
Th(^Hodua, 581 
Thalattosauria, 595 
Tkalattoaaurua, 201, 535, 595, 

m 

Thalaiioairen, 617 
Thaleroearoa, 622 
Tkamnophia, 597 
Thanetian, 553 
Tkarrhiaa, 681 
Tkaumaaiocym, 615 
Tkaumaatognaihva, 620 
Tkawmatacantkua, 678 
Thenmatdepia, 589 
Tkaumaioaaxarua, 595, 156,157 
Tkaumaturua, 582 
Tkaeaehampaa, 508 
fhagoeoHurua, 589 


Thecodontia, 214-18, 535-36, 
597, 642 

Tkecodontoaaurua, 599 
Theocoapondylaa, 599 
Tkegornia, 805 
Thelegnalhua, 592 
Thelodua, 34, 515, 574, 20 
Theoaodon, 403, 565,618, S06 
Therapsida, 278-89, 527-28, 
534-35, 601-2, 646 
structure of, 279-84 
Theretairua, 5^ 

Therautherium, 614 
Tberia, 610 

Theridimya, 502, 625, 573 
Thariodaamua, 602 
Thenodtetia, 616 
Theriodoutia, 286, 601-2 
Theriognatkua, 602 
Therioawkua, 597-98 
Therocephalia, 286,287-88, 528, 
602 

Tberomorpha, 274 
Theropleura, 600 
Theropoda, 231-39, 598-99 
Theaceloaaurua, 542, 600, 187 


Theapeaiua, 600 
Thinocyon, 614 
Thtnokyua, 450, 620 
Thinoaaurua, 596 
Thiomia, 606 

Thoathenum, 402, 565, 618, 
SOB, 307 
Tholemya, 593 

Thomaahialeya, 394, 618, 296 
Thomaata, 602 
Tkomomya, 625 
Thodauehua, 590 
Thoracopterxia, 580 
Thoracoaaurua, 598 
Thoracostei, 108-9, 584-85 
Threskiornithidae, 604 
Thnnaxodon, 602 
Thrtaaopater, 581 
Thnaaopa, 681 
Tknaaopteroidaa, 681 
Thrymomya, 502, 626 
Thryptacodon, 614 
Thryptodua, 582 
Thunnua, 111, 586 
TburingiaD, 516 
Tkuraiua, 119, 589 
Thydlina, 577 
Thyaatea, 573, 18 
Thylaeinua, 320, 611 
Thylacodxetia, 611 
Thylaeodon, 611 
Thylacdeo, 321, 572, 611, 264 
Thylacoamilua, 320, 611, 255 
Tkylogale, 611 
Thymallidae, 582 
Tkynnicktkya, 583 
Thyraidium, 591 
Tkyraitaa, 587 
Thyraitoeephdlua, 687 
Thyraoclea, 587 
Tiaria, 610 
Tibia, 137 
Tibiale, 137,168 
Tiekohpt'ua, 621 
Tichgrhinua, 620 
Tidaua, 611 
Tianakanoaaurua, 599 
Tiffany, 549, 553 
Tigriauekua, 602 
TUapia, 588 

Tillodontia, 335, 554, 555, 556 
613, 652 


TiUomya, 625 

TiUotharium, 335,613, 264 
Timaliidae, 809 
Tinamifonnee, 265, 603 
Tinatniaomia, 603 
Tinmva, 803 
Ttneo, 583 
Tinown, 610 
Tinoaaurua, 696 
Tijdiyoeetua,63i 
TiUmid^hya, 49,575 



VERTEBRATE PALEONTOLOGY 


Titanodeetee, 819 
TitanooMthuB, 601 
Titanohurax, 616 
TitanoioM, 616 
Titanomya, %ZT 
Titanophoimu, 601 
TitanoaavruBt 245,542, 699 
Titanoauchia, 601 
TitaaoBuohidae, 528, 601 
TitanoBuekua, 601 
Titanotheriidae, 430-32, 556, 
557,561, 568, 610,656 
Utanotherioidea, 619 
TiUmoiherumyt, 625 
Titanotherium, 431, 619, Sg8, 
S»9 

Titanotyloput, 621 
Timatnnia, 617 
Toade, 155-57 
Toadfish, 113 
Tolmorc/iui, 608 
Tolypa$pi$, 574 
Tolypelepia, 574 
Tolypeuies, 623 
Tomaretut, 616 
Tomittoma, 598 
Tomoeyon, 616 
Tomodiu, 578 
Tomognathua, 582 
Toretoenemtu, 694 
Tamima, 699 
ToroMunu. 600 
Torpedinidae, 70,677-78 
Torptdo, 678 
Torrejoo, 649, 553 
TortoueB, 181-82 
Touunnma, 622 
Totanua, 606 
Toucana, 272 
Toumaaian, 516 
Toxoehdya, 541,694, tS8 
Toxodon, 395, 572, 618, m 
Toxodmtherium, 618 
Tozodontia, 394-97, 618 
Toxodontidae, 565, 618 
Tozotea, 587 
Toxoprion, 576 
ToxoaUma, 609 
Trabalia, 623 
Traehdacanthua, 680 
Traehdoaauruat 694 
Traehmya, 593 
Traohichthyidae, 585 
Traekiehtkyoidea, 585 
Traohinoidaa, 111, 587 
Traehinoima, 587 
TrackinUua, 688 
Traekiniu, 587 
Traehodon, 250,800 
Traehodonta, 249-52 
Traehoatauay 676 
Traehurua, 686 
Traekyaaw, 693 
TraehyeMVptua» 623 
Traehydemoehayat 593 
Trachym^pon, OM 
Traehypothmum, 618 
Traekytharua, 618 
Tragocerua, 472, 622, SS7 
Tragopan, 605 
Tragoportca^ 622 

TfOMrMi. 822 

T^idae, 461-62, 464-65, 
560, 564, 569, 621 
Traguloidea. 461-65, 621, 659 
Tragtdua, 461, 621 
Tramyoeaatcr, 026 
TranapUheeua, 618 
Tranajrlvaaia, Cretaceoua erf, 
533, 540 
Trapeaioin, 307 
Trapeioid, 807 
Tragmiraapiat 574 
Tragtyiiria, 674 
Traqiti^fiehViya, 674 
Trglm§odm,wz 


Treeikrtnri, 840-41 
893 

fr«iiiacif8bH|, W8 
yrmc wi aw wrfa , 886 


Trmarctoa. 379 
Tramaretotherium, 379, 616 
Tremaiaapia, 29, 515, 673 ,18 
Trematopa, 590, lOt 
Trematoaaurua, 155, 534, 590 
Trematoataua, 575 
Tramatoauchu, 590 
Tretoaphya, 624 
Tretoatemvm, 693 
Tretuliaa, 624 
Trewavaaia, 580 
Triacanthua, 588 
Triakidae, 577 
Triaasic, 531-36 
Triaaaochelya, 180, 183, 535, 

692, 1S8,140 
Tribdeaodon, 694 
Trib^don, 602 
Tribonyx, 606 
Triboaphenic, 301 
Tricaraia, 626 
Tricentaa, 364, 614 ,875 
Trieeratopa, 254, 255, 542, 600, 

too 

Trichaaaurua, 600 
Triehechtu, 616, 617 
Triehiuriehthya, 587 
Trichiuridea, 687 
Triehiurua, 587 
Trichophanaa, 685 
Tnchoawua, 611 
Trideidxu, 595 
Trieododua, 618 
Trieonodon, 311, 610 
Triconodonta, 311-12, 539, 610 
TrieuapM, 602 
Trieuapiodon, 617 
Trigger&h, 112 
Tr^, 588 
Triglyphua, 602 
rn0<mta«, 437, 438, 619, St8 
Trigonietia, 616 
Trigonodon, 688 
Trigonoatyhpa, 401, 616 
Ttiiaodon, 366,614 
TrUophodan, 412, 617, Sll 
TrUophomya, 627 
Trilophoaaurua, 191, 535, 694, 

15t 

Trimerorhachia, 152, 526, 590 
Trimaroatephanoa, 618 
Trimifiua, 612 
Trinaertmenm^ 541,695 
Tringa, 606 
Tringaidaa, 606 
Triodon, 688 
Trionyohidae, 542, 694 
Trwnyx, 183, 694, 199 
Trioracodon, 610 
Tripalta, 680 
Triglopua, 619 
Triptanfgion, 687 
Triraehodon, 602 
Triraehodontoidea, 602 
Trirhuodon, 624 
Triaaolapia, 579 
TriaiiMoplenu, 119, 589 
Triatychiw, 576 
Tritemnodan, 614 
Triikdodon^ 602 
Trituboroular theory, 301-3 
TVituberoulata, 313-14, 610 
lUturva, 692 

TrHytodon, 291, 314, 316, 535, 

Traekarion, 618 
TrockieHa, 616 
Ttatkmkdim^ 602 
Trochouxffua^ 602 
Tra^oauekm^ 802 
Tredko^trium, 616 
TngMiitaa,W 
Trggetmur, 613 
rr«0M.e98 

Trofoiiii^ee,272.60B 
Tngontkariun, 500,628 
Tragaaust 613 
Tro8dm»m,m,m 
TropieUrd,^ 

TrafUmya^m 


Tropidoataua, 575 
Tropidoatma, 601 
Trout, 106 
Trout peroh, 109 
TrunkMh, 112 
Trygon, 70, 540, 577, 6t 
Trygmorhina, 577 
TM^anomyt, 625 
7'aaidamotharium, 622 
Taamniehoria, 618 
TubuUdentata, 485, 617 
Tubulodon, 485, 617 
Tuco-tuco, 603 
Tuditanua, 592 
Tuog Gur, 552, 662 
Tungunctia, 615 
Tunguaiehthya, 580 
Tunguaaogyrinua, 590 
Tunicates, 19 
Tunny, 111 
Tunuyarian, 552 
Tupaia, 844 
Tupaiidae, 613 
Tupaiodon, 612 
Tupinambia, 596 
Turahbugloaaua, 588 
Turbinala, 297 
Twdua, 609 
Turkey, 269 
Turnicoa, 605 
Twmix, 605 
Turonian, 533 
Turaiopa, 624 
Turtles, 176-84 
Turtur, 607 

Tylopoda, 453-60, 620-21, 658- 
59 

Tyloaaurxu, 208, 541, 696, 169, 
171 

Tylototriton, 592 
Tympanic, 293, 267, 299 
Tympanuchua, 605 
Typotheria, 398, 618 
Typothmevlua, 618 
Typothariodon, 618 
Typothariopaia, 618 
Typotharimn, 398,572,618 
Typothorax, 597 
Tj'ranni, 608 

Tyrannoaavrua, 238, 244, 542, 
689, 19t 
Tyrannua, 608 
Tyrrhenicola, 627 
Tyto. 607 

U 

Uarbryiekthya, 581 
Uinta, 553,555 
Uintacyon, 614 
Vintaniua, 613 
Uintaaaurua, 599 
Uintaaorex, 613 
Uintatberea, 391-92 
Uintatherivm, 301, 616, t9t, 
t99, t94 
Uintomia, 608 
Ulan Qochu, 553, 559 
Ulmouunta, 601 
Ulioa,B2A 
ULu, 136 
Ulnare, 136 
Ulaterian, 517 
UUnpitkaeua, 618 
VmbriM, 666 
Unciform, 307 
UfuHm, 121, 537, 589 
Ungaromya, 627 
Ungulatea. 381-474 
limbe of, 384-85 
South American, 392-404 
teeth of, 381-83 
Uniaarivm, 602 
UfllldUnu^612 

UrA 616 
Unmiaaoaaunta, 601 
VrwamtrodotLtW . 
VrtmmwUia,Mlt’. 


Vmiatharium, 822 
Umiornia, 606 
UroaHtua, 606 
Urochorda, 19 
Uroelaa, 681 
Urocongar, 583 
Uroeordylut, 524, 691 
Uroeyon, 376, 616 
Urodela, 160, 534, 541, 549, 
692, 638 
Urolapia, 579 
Urolophua, 577 
Uronamua, 126, 589 
Vroavken, 585 
Urotherium, 623 
Uraavua, 616 

Uraidae, 378-79, 563, 567, 568, 
571, 616, 654 
Uraut, 379, 616 
Uruguayauchua, 597 
UruguayVtarium, 616 
Uatatochoarua, 621 
Utaetua, 478, 558, 623 


Valentian, 517 
Vampyravua, 613 
Vampyropa, 613 
VaneUiM, 606 
Varanopa, 600 

Yaranoaatmu, 274, 275, 276, 
600,8/4 
VaraniM, 586 
Varieorhinua, 583 
VaaaUia, 623 
Vasaocyon, 616 
Vatieinodua, 578 
Vectiaaurua, 600 
Valocipea, 598 
Velociroptor, 599 
ran;uJbona, 601 
Vermilinguae, 623 
Vertebrae 

in amphibiana, 129-31 
in birda, 250 
in fiahea, 10-11, 83 
in tnammala, 304-5 
in reptilea, 167, 169-70 
Vertebrates 
ancestry of, 20-21 
ciaaaiScation of, 21-22 
early environment of, 36 
primitive forms of, 34-37 
structure of, 8-17 
Fasper/t/tovua, 612 
Veapertilio, 613 
Vetdia, 623 
Vietorlmoinea, 618 
Vicugna, 621 
Vidtuamia, 681 
Villafranchian, 552, 568 
Vinayakia, 615 
Yinetijar, 680 
Vindobonian, 552 
Ftpero, 697 
Viperidae. 209, 697 
Vireonidae, 609 
Viraeaylm, 609 
Viaean, 516 
VidMueobua, 622 
Ftaknttcyon, 616 
ViahnufdU, 816 
Viahnuictia, 616 
FtaAnumaryx, 622 
FtaAtttionpr, 618 
ViaknuUimum, 621 
Ffiarra, 870, 618 
Ftaarrovua, 618 

Vtverridae. 370. 660. 663, 616. 
668 

Fo4io*Mdkua, 690 
Voib^89. 118, 188. 166. 860. 

Femr.iSe 

Fomarepift.866 

%% . 



INDEX 


687 
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Walrus, 380 

Wainka, 817 

W(^ttoauchua, 599 

WaUentorffidla, 692 

Wapiti. 409 

Wardiehthyt, 679 

Wasatch, 563. 555 

Waaatchia, 620 

Waahakiut, 613 

WatwnichthyB, 679 

Wat$onieUa, 602 

Wattonului, 580 

Weakfish, 111 

Wealden, 533, 640 

Weasels. 376 

Weavers, 111 

Weiysltosptt, 874 

WtiyeUuaunUt 191. W 

WngdtitMhw, 698 

irmcia.690 

Wenloelcian, 517 

West Indies, Pleistocene of, 672 

WutoUia, 579 

Westphalia, Cretaceous of, 533, 
MO 


Westphalian, 616, 522 
WetluQOMurtu, 690 
Wetmoregypt, 605 
WhaiUia, ^ M7 
Whales, 486-03 
beak^, 490 
blue. 493 
right, 493 
river, 490,491 
sperm, 491-92, 565, 568 
whalebone, 492-93 
WTiippoorwili, 271 


White Hiver, 553, 659 
Whiteia, 669 
Whitneyan, 653 
Wianamatta, 632, 533 
Wichita group, 516, 524 
Wildungen, 517. 518 
Wimama, 589 
Wind River, 653. 555 

WtndAaiMenta, 618 
Witaaspig, 673 
WodnilM, 576 
Wolverine, 375 
Wolves, 376 
Wombat, 321 
Woodchuck, 500 
Woodpeckers, 272 
Woodthorpea, 580 
WoodwardoMteug, 575 
Wwtmania, 613 
Wumogaurus, 597 
Wynyardia, 611 


X 

Xanthocephalus, 610 
Xema, 607 
Xenacanihns, 578 
Xenacodon, 612 
Xenarthra. 475. 478, 622 
Xenagtrapothertum, 616 
Xenegter, 579 
Xenochdyg, 693 
Xenochoerug, 620 
A^enoerantum, 622 
Xenodontomyg, 626 
Xenophdig, 580 
Xenopithecvg, 614 
Xcnopterygii, 113, 589 
Xenopug, 591 


Xenorhynchopgig, 604 
Xgnorhynehug, 604 
Xtnorophug, 624 
Xenoguchtu, 598 
Xgnotherium, 618 
Xenurugt 623 
Xegtopg, 596 
Xipkactinugt 582 
Xiphiag, 111, 587 
Xipkiorhynchug, 587 
Xiphocolaptgg, 608 
Xiphodon, 460, 560, 620, SS7 
Xiphodontidae, 460, 557, 563, 
620 

Xiphoptfrug, 686 
Xiphotrygon, 577 
Xiphuroideg, 623 
Xotodon, 618 
Xyne, 582 
Xyophorug, 623 
Xygtracanthug, 578 
Xygtrodug, 578 

Y 

Yaleogaurug, 239, 536, 599, t90 
Ydinia, 674 

Yorkshire, Jurassic of, 533, 536 
Youngtna, 200, 201, 202, 203, 
628, 595, 16S 
Younginiformes, 595 
Youngoideg, 595 
Youngopgig, 595 
Yunaniiu, 613 
Yunnanogaurugt 699 

Z 

Zaedyug, 623 

Zatambdalegteg, 330,612, m, £59 


Zalainbdodonta, 327-29, 550, 
611 

Zalophug, 616 
Zamenig, 597 
ZomtenM, 623 
Zandodon, 236, 594,599 
Zanclug, 587 
Zanycterig, 331, 612, £61 
ZaphUug, 623 
Zaphleggg, 587 
Zaphlegulug, 687 
Zaproridae, 587 
Zapug, 504, 626 
Zarhaehig, 624 
Zolomiw, 696 
Zatrachyg, 590 
Zebragoma, 687 
Zechstein, 616, 525 
Zehgng, 684 
Zdotiektkyg, 584 
Zenaida, 607 
Zenatdura, 607 
Zeoidea, 110, 585 
Zeuchthigcug, 580 
Zeuglodon, 488, 624,868 
Zeus, no. 685 

Ziphiidae, 490,565, 568, 624 
Ziphioideg, 624 
Ziphirogtnm, 624 
Zodiolegieg, 616, £81 
Zygaena, 68, 577 
Zygobateg, 677 
Zygodontomyg, 627 
Zygolegteg, 611 
Zygomaturug, 611 
Zygoramma, 593 
ZygogauTMg, 590 
Zygrorkiza, 623 
Zyphiodd^ig, 624 
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